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YOU CAN GET A 
WEALTH OF ACCURATE 
INFORMATION with the 
SCHLUMBERGER 
CONTINUOUS DIPMETER 


A THREE-IN-ONE SERVICE 
Combining 

THE DIPMETER, 

THE DIRECTIONAL 

AND THE MICRO-CALIPER SURVEYS 


This improved Schlumberger three-in-one Dipmeter will do more than any similar service to help solve your 
structural, stratigraphic and production problems. It gives you these never-before-available money saving 
advantages: 

A Directional Survey and a Micro-Caliper run simultaneously with the Dipmeter at no extra cost. 
All are necessary for accurate dip resolution, but they also give you additional information valuable in the 
completion of your well. 

Sharp formation detail is obtained by using MicroLog curves for bed correlation. This increases the 
accuracy of dip calculations, particularly on low angle dips. 

The continuous record makes it possible to accurately locate fault zones. 

All measurements are recorded at the surface, thus eliminating the down-hole directional film 

It operates efficiently in high temperature wells. 

It saves many hours of valuable rig time by giving you three operations in one continuous run 
You can be sure of your Dipmeter Survey if it is run by Schlumberger. 


THE EYES OF THE OIL INDUSTRY SCHLUMBERGER 


a 
Well Surveying Corporation 
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KING-SIZE TOOL KIT... 
for Service Unlimited 


Taller on the rig stands the man with fine 
equipment. His work will match the accuracy 
of sensitive instruments, the craftsmanship of 
precision tools, the controlled might of 
powerful machinery, and the dependability of 
proved materials, 


Fine equipment is vital to Halliburton’s concept 
of service ...to provide the industry with 
service beyond the fee, service above all. And 
decentralizing this kind of service takes a lot 
of fine equipment. Every one of Halliburton’s 
250 service centers is fully equipped with 

a king-size tool kit, and a fleet of vehicles to 
get it there, somehow. Service unlimited and 
fine equipment result from Halliburton’s 
extensive research— which makes research 
our most important service. 


HALLIBURTON 


OIL WELL CEMENTING COMPANY 


DUNCAN, OKLAHOMA 


PROGRESS IN SERVICE THROUGH RESEARCH 
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for the industry’s satest 
surface control equipment 


This test rack is the final proving grounds for every O-C-T assembly before it leaves for 
the field. 


The most complete and modern pressure testing rack in the industry, it is designed and 
arranged so that each bank of the rack can be pressured separately and as many as 12 


different assemblies . . . with 12 different test pressures . . . can be tested at the same time. 


O-C-T testing procedures and facilities are 
your guarantee that the O-C-T equipment that 
reaches your well will give safe, dependable 
service under the field conditions you en- 
counter. Here, then, is another good reason for 
you to join the growing list of oil operators 


who have switched over . . . for safety . . . to — 0Ulti(‘“‘i‘ TS 


O-C-T products. Export Representatives: Sterling Areas—Le Grand, 
Sutcliff & Gell, Ltd, Rochester, Kent, England. 

South America—East West Oiltools, C. A., Del Lago 

Hotel, Maracaibo, Venezuela. Address Export In- 

quiries for All Other Countries to P. 0. Box 3091, 


Houston, Texas. 
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Product No. 677-C 


rRACTIU RE 
ACIDIAZE 
SWAB aes TEST 


as many intervals as required 


... 4? O17€ 





SOUWNIYD WYO 


SETS AND PACKS OFF AGAINST PRESSURE 
DIFFERENTIALS FROM EITHER ABOVE OR BELOW 
After the Retrievable Bridge Plug has been 
run to the desired depth and released, it will 
automatically set and pack off against pressure 
differentials established from either above 
or below the tool. 


CAN BE RUN IN AND RETRIEVED EASILY . . . OR 
MOVED AND RESET AS MANY TIMES AS REQUIRED 
The number of times that the Retrievable 
Bridge Plug can be released, moved and reset 
is limited only by the number of operations in 
the well that require its use. 


wie BAKER RETRIEVABLE BRIDGE PLUG a.~ 


NUMEROUS ECONOMICAL APPLICATIONS 


Used WITH the Baker Full-Bore Retrievable 
Cementer for: 


(a) Straddle Operations 
The distance to be straddled is not 
limited by the made-up length of tool. 

(b) MULTIPLE Zone or Selective Test- 
ing, Fracturing, Acidizing 

Used BY ITSELF for: 

(a) “Down-the-casing”™ Fracturing or 
Acidizing 

(b) Testing operations 

(c) Temporary pressure containment to 
permit repair to or removal of well 
head equipment with safety. 


Write for Catalog Supplement No. 319 for complete information on 
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RUNNING-IN 
Retrievable Bridge Plug 
being run into well on bot- 
tom of Full-Bore C ter 


FRACTURING OR ACIDIZING 


Plug should be pressure 
tested after release. 





through use of Retrieving 
Head. Note fluid by-pass. 


Cc ter is rel d, raised 
above perforations and 
reset for pressure operations. 


SWABBING, TESTING 
Note how the reversal of 
pressure differential has 
transferred load from one 
set of slips to the other 
(both cementer and plug). 


RETRIEVING 
Plug and Cementer being 
moved to next set of per- 
forations—or retrieved from 
well. Valves in plug open to 
permit fluid by-pass. 


Product No. 410 


these products and their application B AKK ] 


FULL-BORE RETRIEVABLE CEMEN) 


HOLDS PRESSURE FROM EITHER ABOVE OR BELOW 


Two sets of opposed slips enable the cementer 
to hold pressure from either above or below. 
Casing can be tested before squeeze—and 
the tubing also, if the Baker Full-Bore Tubing 
Tester is used. 


FULL BORE CONSTRUCTION 


Permits Passage of Tubing Perforators or 
Instruments— Assists in Preventing “Screen- 
Out” on Fracturing Jobs 


The Full Bore through the Cementer (and 
Tester if used) is in reality a continuation of 
the bore through the tubing. 


This continuous full ID passage not only per- 
mits passage of tubing perforators or instru- 
ments but assists in preventing “Screen-Out”’ 
(sand dropping out of the oil) and subsequent 
plugging of the tubing in fracturing jobs. 


IDEAL STRADDLE TOOL WHEN USED WITH 

BAKER RETRIEVABLE BRIDGE PLUG 

The operation of the Cementer setting mecha- 
nism makes it easy (through the use of the 
Retrievable Bridge Plug Retrieving Head) to 
release and pick-up the Baker Retrievable 
Bridge Plug. It is in fact the ideal partner 
to the Retrievable Bridge Plug for selective 
multiple-zone or single-zone operations. 


OIL TOOLS, INC. 
HOUSTON + LOS ANGELES » NEW YORK 








NEW SOURCE OF 


The new $6,600,000 plant of American Lithium 
Chemicals, Inc. in San Antonio, an affiliate of 
Amcrican Potash & Chemical Corporation, long 
the leading producer of Lithium Carbonate, 
makes available to producers of lithium-based 
greases an abundant new source of supply of 
LITHIUM HYDROXIDE. The new plant will process 
high-grade lithium ores from extensive deposits 
in Southern Rhodesia, assuring you of vast re- 
serves, coupled with the most modern domestic 
production facilities available anywhere. You 
can count on the advantages of Trona LITHIUM 
HYDROXIDE in your all-purpose greases—mois- 
ture resistance, chemical and mechanical stabil- 
ity and wide temperature range, just as you can 
depend on the consistent good quality of Trona’s 
new source of this vital all-purpose, all weather 


grease additive. | 
Send for technical information sheet L ITH i ue M - BE S E o G R E & S E S 


FOR LITHIUM CHEMICALS—LOOK TO AMERICAN POTASH! 


American Potash & Chemical Corporation 


Offices * 3030 West Sixth Street, Los Angeles 54, California 
© 99 Park Avenue, New York 16, New York 
* 214 Walton Building, Atlanta 3, Georgia 
Plants * Trona and Los Angeles, California and San Antonio, Texas 
Export Division * 99 Park Avenue, New York 16, New York 


LITHIUM CARBONATE * LITHIUM HYDROXIDE « LITHIUM BROMIDE ¢ LITHIUM CHLORIDE and other LITHIUM CHEMICALS 














Get greater profits 


starting with your next fracture job 


Adomiute* 


Adomite is a revolutionary fluid-loss HOW ADOMITE BENEFITS PRODUCERS 


control additive for converting lease © Effectively seals the fracture face and practically 


prevents loss of fluid into the producing formation. 


crudes to superior fracturing fluids. It has 3 
®@ Results in longer fractures and deeper penetration 


already been used successfully in over of sand for a given job. 


° ° ° Cleans up rapidly. Does not contaminate the pro- 
1,000 fracture jobs in different fields. PONE A ty «as 


Greater sustained production with a given fluid 
volume at lower cost. 





Ask FOUL ae Vee COMpany Equally effective in oils which have or have not 
to use Adomite on your been treated with emulsion breakers. 


Easy to use. Adomite is a dry material in flake form. 


next fracture job It is mixed directly into the crude or gelled crudes on 


©1955, Continental Oil Company. the lease, using only standard mixing equipment. 


HOW IT WORKS 


Adomite retards fluid loss into the formation. 
Thus, more fluid is retained to extend the 
fractures, allowing sand to penetrate more 
deeply to sustain increased production. 


* Trade-mark, Continental Oil Company 


WITH SAME FLUID VOLUME 











GLASS GUN PERFORATING 


Pay perforated with Dowell Glass Gun — 
using Electric Pilot control equipment—after bullets failed twice 


In the completion of a new well, the 7-inch casing in the pay 
formation was twice perforated with bullets at a shot density 


of 4 per foot. When this failed to bring desired results, the 
operator called Dowell. Using the expendable Glass Gun, 
Dowell engineers perforated the well with only two shots per 


foot. The result was a 250-foot oil fill-up in one hour. 


The Glass Gun carries extra large shaped charges to give deeper, 
surer penetration. It is but one of the services performed with 
the Dowell Electric Pilot—permeability, spinner, caliper, 


temperature, water location, and channel determination 
surveys, plus gamma ray logging, all help Dowell engineers t 
obtain and record accurate data on subsurface well conditions. 


The pilot is also used for seles tive acidizing. 


Dowell engineers and equipment are ready day and night to 
bring you Jet Perforating and the other Electric Pilot serv- 
ices. Just contact the nearest Dowell office in Venezuela, 
contact United Oilwell Service, S.A. Or write Dowell Incor- 
porated, Tulsa 1, Oklahoma, Dept. J-15. 


services for the oil industry 





A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 





This is the third of a series 
of editorials to be written 
on “What AIME Means to 
Me’’ by long-standing 
members of the Petroleum 
Branch, AIME. 











WHAT AIME 


MORRIS MUSKAT 
MEMBER AIME 


The AIME constitutes my professional community 
just as my hometown is my social and residential com- 
munity. One cannot thrive professionally, mentally, or 
socially in a vacuum or as a hermit. 

The peircleum engineering profession has real mean- 
ing primarily because of the AIME and the Petroleum 
Branch. The latter are the instruments for combining 
the knowledge, the developments and practices of the 
thousands of individual petroleum engineers into an 
integrated and dynamic component of the technical life 
of the American people. 

It is part of human nature to take for granted the 
great heritage which has been bequeathed to us and 
the many biessings which make our lives the rich 
experiences we are fortunate to enjoy in this country. 
They de not seem to consciously mean much to us in 
our daily living. Yet their importance readily becomes 
clear if we were to visualize losing them. 

In a flight of fancy, let us suppose the AIME and 
the Petroleum Branch were dissolved. As individuals, 
some of us might not discover that such happened 
even for several months. In a strict sense, most of us 
carry on our daily careers and living without continual 
direct reference to the AIME, though we constantly 
use information we read in the AIME literature or 
heard at a Petroleum Branch meeting. The AIME 
lies in the background without fanfare or ostentation. 
But on the petroleum engineering profession as a whole, 
the impact of dissolution of the AIME would be quickly 
felt. 

An immediate result would be terminating publication 
of the JOURNAL OF PETROLEUM TECHNOLOGY. I would 
miss it. I do not profess to read each and every page 
of every issue. But I do find it most informative to read 
every issue in a practical sense; i. e., to study some of 
the articles of special interest to me and scan the ab- 
stracts of all of them. The general editorial and news 
material add to my feeling of being on top of my pro- 
fession. From a long-term standpoint, PETROLEUM 
TECHNOLOGY offers a permanent record of those techni- 
cal developments which can be studied as a front line 
current history of a living science. It is satisfying to feel 
that one can be even a spectator of this dynamic march 
of progress. 

It is in the spirit of the American way of life that 
free exchange of information and ideas should be fos- 
tered in this country as a necessary mechanism for 
developing the truth in both the humanistic and tech- 
nical arts. In engineering this is especially important in 
welding together the small increments of scientific ad- 
vances made by individual contributors into the grow- 
ing whole of a progressive technology. The sectional 
and national meetings of the Petroleum Branch of the 
AIME provide an indispensible forum for publicizing 
and disseminating throughout the profession new results 
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MEANS to ME 


GULF OIL CORP 
PITTSBURGH, PA. 


of research and field experience which can be applied 
at once for further trial and extension. These media for 
technical expression within and by the AIME — the 
JOURNAL OF PETROLEUM TECHNOLOGY and the meet 
ings of the Petroleum Branch—are the life blood of our 
profession. 

The meetings of the AIME afford an opportunity 
for personal association and contact among petroleum 
engineers. Petroleum engineers are interesting people. 
[hey are alive mentally as well as physically. They are 
continually facing the challenges of unsolved problems. 
They must improvise, speculate, predict, correct, and 
go ahead. It is stimulating to become acquainted with 
them and join forces with them in their striving toward 
constructive goals. 

We are living in a period of national and world 
tension. Both living in peace and waging of war are 
now the children of science and technology. The AIME 
can serve as a non-political spokesman for the thou- 
sands of its members who may wish to contribute their 
special skills and services both in giving their country 
the strength through which it may preserve the peace, 
or if that should fail, the sinews and supplies of war 
which we will need to insure victory and survival. The 
AIME constitutes an instrument for mobilizing the 
engineering talents of our nation to serve most effec- 
tively the objectives of its national security. If we had 
no AIME we could each serve only as John Doe Citi- 
zen. Our collective effort as a basic professional arm 
of our industrial economy would be ineffective at the 
best. 

Finally, it is well to consider what the AIME means 
to the next generation of petroleum engineers. What 
professional opportunities could be promised those now 
in our schools and those to follow them, if they should 
have to enter their careers as isolated individuals with- 
out association or organized communication in a pro- 
fessional body? What technical literature would be 
available for teaching them the progress of their tech- 
nology? Where could they get the stimulus and inspira- 
tion of seeing and hearing the leaders in their field 
present the results of their new developments? And if 
the enrollment in the petroleum engineering schools 
should fall off, as it surely would, who will take our 
places in industry, teaching and government? Stopping 
progress in petroleum engineering and our industry_at 
large is only an instant of reversal onto a downgrade 
regression. It is merely a pause before a depression. 

It is all these and more which the AIME means to 
me. Aware of them or not, the AIME means as 
much to all petroleum engineers. Membership in the 
AIME is, accordingly, a privilege and opportunity for 
exercising an enlightened self-interest in promoting the 
welfare of the petroleum engineering profession as well 
as the oil industry and nation as a whole. whe 





State-owned areas available foe 
both wildcat and proven or 
semi-nrroven leases. 


Municipally owned areas. 


Excluded State-owned areas; 
1.@., areas only conditionally 
available for leasing. 
Conditions are: Drainage; and 
development from upland sites 
only. 


Condition is: Drainage. 


Conditions are: Drainage to 
non-State lands; and leases 
limited to area and to extent 
necessary to offset such 
drainage. 


The NEW LAW for CALIFORNIA’S OFFSHORE 
OIL DEVELOPMENT 


THOMAS C. MORONEY 


Introduction 
It is the purpose of this article to demonstrate the 
significance of the new law for California’s offshore 
oil development; to explain its provisions; to praise 
and criticize it; to emphasize the responsibility of 
the petroleum irdustry in operating under it; and to 
offer some speculative comments. 


Necessity for New State Law 
Previous Inadequacy of Law 

The people of California for six years waged a battle 
which was successfully culminated by the enactment 
of federal legislation in 1953 whereby Congress con- 
firmed California’s claim to ownership of the 3-mile 
submerged land belt lying offshore the coast of the 
state. During those six years, the people of the state 
had made two things clear—(1) that they were attack- 
ing the philosophy of the Supreme Court, and (2) that 
the unwarranted expropriation by judicial decision of 
the state’s oil resources and other property rights in 
the submerged land area was a matter for great alarm. 

For nearly 2 years after the restoration of those 
rights, the State of California was still unable to permit 
the proper exploration and development of the oil and 
gas resources underlying that belt because of the inade- 
quacy of the state’s then existing law. What a strange 
predicament after such a long period during which 
public officials and private persons represented to the 
Congress and to the people of the nation that, among 
other things, we needed our tide and submerged lands 
in order to explore and develop them for oil and nat- 
ural gas, not only to provide for civilian uses in peace- 
time, but for the protection of our country in time of 
war. 

To Keep Faith With Congress 

It was essential that California laws be amended to 
provide for the exploration and development of our 
petroleum resources in the ocean areas, if for no other 
reasons than to keep faith with our representations to 
the Congress and the nation, and to enable us to exer- 
cise the proprietary rights which we had so effectively 
and vigorously asserted. 

California law, as it existed prior to Sept. 7, 1955, 
did not authorize the issuance by the State Lands Com- 
mission of oil and gas leases embracing the state- 
owned tide and submerged lands except in the limited 
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threatened with drainage by means of wells upon 
adjacent lands. Because there are only a few isolated 
instances in which such drainage or the threat there- 
of exists, most submerged land belt lying offshore the 
coast of California could not be opened to exploratory 
drilling until this provision of the law was repealed. 

Further, drilling platforms or other structures were 
not permitted to be built offshore except on filled land. 
The State Lands Commission had required as a con- 
dition to the issuance of a lease to a successful bidder 
that such bidder establish evidence that he could fur- 
nish an adequate upland site from which to conduct 
drilling operations. Many potential bidders did not 
have upland drill sites, and/or the remoteness of the 
prospective structures from shore, made it impractical 
to drill large portions of the submerged land belt from 
upland drill sites. Therefore, it was necessary that the 
law be revised to permit drilling not only from loca- 
tions on or close to the shore, but from filled lands, 
piers, islands, platforms or other fixed or floating 
structures in, on or over the tide or submerged lands 
covered by the lease. 

Reasonable Royalties 

Under the rigid restrictions of the California Public 
Resources Code as it existed from 1938 to 1955, less 
than 15 thousand out of over 2 million submerged 
acres owned by the state were under oil and gas leases 
on Sept. 7, 1955, when the Cunningham-Shell Tidelands 
Act of 1955 became effective. 

In order to encourage exploratory drilling, it was 
also necessary that the law be amended to specify that 
state oil and gas leases should be awarded to the bidder 
offering the highest cash bonus at a specified royalty 
rate. In connection with the latter, it should be noted 
that this is the prevailing practice in other states, not 
only as to exploratory lands, but as to lands on known 
geologic structures of producing oil and gas fields. 
Inasmuch as very substantial investments will be re- 
quired by lessees seeking to explore for and develop 
oil and gas underlying the submerged land belt, it 
was essential, too, that only reasonable royalties be 
required to be paid to the state if adequate incentives 
were to be provided that would assure expanded ex- 
ploration and economically sound development of off- 
shore areas. 

Problems Involved in Enactment 
On May 21, 1953, A. C. Mattei, president of Hono- 


Map at top of page shows tidelands available for leasing and 
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lulu Oil Corp. and chairman of the Public Lands Com- 
mittee of the Western Oil and Gas Association, ap- 
peared before the State Lands Commission at a hear- 
ing in Sacramento, Calif. Mattei at that meeting 
criticized the State Oil and Gas Lease form and the 
inadequacy of the then existing state law governing the 
leasing of state-owned lands. As a result, Mattei was 
requested by the Commission (which was then com- 
posed of the Honorable James Dean, State Director 
of Finance, then Lt. Governor Goodwin J. Knight, and 
the Honorable Thomas H. Kuchel, then State Con- 
troller) to have his Committee study the state’s lease 
form and the Public Resources Code and to make 
recommendations relative to the revision of the lease 
form and as to the provisions that should be included 
in the California Public Resources Code so that state 
lands could be properly leased and developed. He was 
further requested to recommend the bases of bidding 
for such lands and the royalties that should be payable 
thereon. ; 

After over 1% years of meetings, Mattei’s Com- 
mittee on Aug. 27, 1954, submitted its recommenda- 
tions for a new law for California’s offshore oil devel- 
opment to Senator Cunningham’s Interim Committee. 
On Jan. 1, 1955, Senator Cunningham’s Committee 
submitted its report to the State Senate. Senator Cun- 
ningham himself introduced four bills. Shortly there- 
after Assemblyman Joseph Shell introduced four bills 
in the Assembly (commonly known as the “Shell Bills’’). 
The latter incorporated, in the main, the recommenda- 
tions of the Western Oil and Gas Association. 

Finally, after seemingly endless compromises, the 
Shell Bills were consolidated into AB 3402, which con- 
solidated bill was amended three times in the Assembly 
and three times in the Senate before emerging as the 
Cunningham-Shell Tidelands Act of 1955. It was a 
law acceptable to the oil industry, but a maimed sub- 
stitute for the legislation originally proposed by the 
industry. 


The Cunningham-Shell Tidelands Act of 1955 
Major Revisions 

The enactment of the Cunningham-Shell Tidelands 
Act of 1955 marked an epochal change in California’s 
legislative policy governing the leasing for oil and gas 
in the state’s submerged land belt. 

Briefly stated, the following inadequacies in the Cali- 
fornia law were eliminated: 

1. The so-called “drainage provision” was repealed. 
This provision restricted the authority of the State 
Lands Commission to issue state leases on sub- 
merged lands to the limited situations in which 
the Commission knew or believed that the state’s 
lands were being drained by means of wells upon 
adjacent lands. 

(It was under this restraining provision that some- 
thing less than 15,000 acres out of the several million 
acres of state-owned submerged lands off the coast of 
California have been leased. Obviously, without the 
repeal of this provision, no wildcat leases embracing 
the offshore area could be issued. ) 

2. The requirement that a lessee must drill only from 
filled lands or slant drill only from upland drill 
sites or existing piers was substantially modified, 
and the rights of lessees materially expanded in 
this respect. 

(Previously a lessee had no right to conduct off- 

shore drilling operations from any pier (except on 
state leases issued prior to 1945 and then only if the 
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pier was constructed prior to 1945), or trom platforms 
or other fixed or floating structures in, on or over the 
tide and submerged lands. The Commission had also 
uniformly required that a prospective bidder present 
evidence satisfactory to the Commission of such bid 
der’s present ability to furnish all necessary sites and 
right-of-ways for all operations contemplated unde: 
the proposed lease. As a practical matter, this usually 
meant that the bidder had to demonstrate ownership 
or control of adequate upland drill sites contiguous to 
the state lease parcel.) 


Royalty Factor 

3. The discretionary power of the State Lands Com- 
mission, to require either cash bonus or royalty 
bidding was abolished. 

(Prior to the enactment of the Cunningham-Shel! 
Act, the practice of the Commission was invariably to 
require royalty bidding. Equally objectionable was the 
royalty formula utilized by the Commission with the 
lease being awarded to the bidder offering the highest 
“royalty factor.) 

4. A radical amendment was made in the very gen- 
eral provision which permitted the assignment otf 
a state oil and gas lease only with the consent 
of the Commission. 

(The law did not previously permit partial assign- 
ments or for the release of the assignor from liability 
under the lease notwithstanding the assignor had no 
continuing interest therein. Furthermore, assuming the 
Commission had consented to a partial assignment, 
there were no provisions for segregating the obligations 
under the assigned or transferred lands and those re- 
tained by the assignor. The result, among other things. 
was that a default by the assignor as to the retained 
lands or by the assignee as to the assigned lands would 
operate to permit a forfeiture of the entire leased 
lands.) 

5. Although the Public Resources Code contained 
provisions designed to enable the lessee to quit- 
claim a state lease in whole or in part and to be 
proportionately relieved of obligations thereunder, 
the law was completely revised and amplified to 
preclude the Commission from imposing unreason- 
able conditions on the lessee’s right to quitclaim. 

(The State Lands Commission habitually had re- 
quired under the terms of state leases, contrary to the 
law, that a lessee could quitclaim only with the con- 
sent of the Commission, which consent was ordinarily 
given only after the imposition of a variety of condi- 
tions. ) 

Exchange of Leases 

6. The discretionary right of the State Lands Com- 
mission to issue an oil and gas lease either for a 
term of 20 years or for a term of 20 years and 
the life of production was repealed. The provision 
for the extension of flat term 20-year leases under 
such terms and conditions as the Commission 
deemed for the best interests of the state was 
fundamentally modified to permit the exchange 
of such leases for new leases at the same royalty 
and upon the same terms and conditions as the 
lease for which it was exchanged, and to insure 
that the term of such lease shall be for five years 
and the life of production. 

(While the Code provision before the new law per- 
mitted extensions of leases, there was no provision for 
the exchange of a lease for one having an indefinite 
term. Also, there was no statutory provision which 
would enable the lessee to bargain for reasonable terms 
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and conditions if the Commission chose to act in an 
arbitrary manner; although this comment is not in- 
tended to imply that the Commission had done so in 
such cases.) 
Prospecting Laws Changed 
7. The statutory proviso prohibiting the issuance of 
permits for prospecting for oil and gas deposits 
was radically changed to clarify the right of the 
Commission to issue permits for geological or geo- 
physical surveys. 

(On at least one occasion the Commission had con- 
tended that the prohibition in the law against the is- 
suance of permits for prospecting for oil and gas would 
not permit them to issue seismic permits. This was a 
gross misconstruction in view of the fact that the ref- 
erence in the statute to prospecting permits had refer- 
ence solely to the old type of prospecting permits, 
which authorized the permit-holder to conduct geolog- 
ical surveys and exploratory drilling, with obtainment 
of production the condition which vested in the lessee 
the prior right to the award of an oil and gas lease.) 

8. The unqualified right of the Commission to specify 
the drilling term under state oil and gas leases 
was in effect rescinded, and new provisions lim- 
iting such right of the Commission were provided 
for. 

(Prior to the Cunningham-Sheli Bill, the Commission 
invariably required commencement of drilling opera- 
tions within, at the maximum, several months. This re- 
quirement frequently did not afford a successful bidder 
adequate time within which to refine his or its geolog- 
ical determinations, which interpretations ordinarily 
are based on general reconnaissance work.) 


Summary of New Provisions 

On the positive side, a concise summary of the new 
provisions relating to the development of California’s 
offshore lands is as follows: 

1. Exploration leases i.e., leases of submerged lands 
not within or not believed to be within the known 
geologic structure of a producing oil or gas field 
(as well as those within the known geologic struc- 
ture of a producing field) may now be issued 
covering submerged lands along the coast between 
the northerly limits of the city of Newport Beach 
in Orange County to a point 6 miles south of the 
town of Oceano in San Luis Obispo County, with 
the following exceptions: 

(a) The 3-mile belt from the southerly point of 
Point Fermin to the Los Angeles-Ventura 
County line. (Provided, however, the state 
may offer oil and gas leases on such lands 
if there is drainage by wells on adjacent 
lands. ) 

The 3-mile belt from the westerly line of the 
University of California, Santa Barbara Col- 
lege, to a point near Summerland embracing 
a distance of approximately 18 miles. (Pro- 
vided, however, the state may offer oil and 
gas leases on such lands within an area and 
to an extent necessary to offset drainage by 
wells on adjacent non-state lands.) 

All areas the oil and gas mineral rights to 
which have been granted to adjacent munic- 
ipalities. 

For all practical purposes, this means that the new 
law for California’s offshore oil development has opened 
up to wildcat drilling an area approximately 235 miles 
long from which has been excluded approximately 100 
miles, leaving a net distance of roughly 135 miles 
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along the coast which is available for exploratory leas- 
ing. 

(It should be especially noted that the tide and sub- 
merged lands along the coast between the northerly 
city limits of the city of Newport Beach and the south- 
erly boundary of the state may be offered for lease 
provided the State Lands Commission detegmines that 
they are being drained by means of wells on adjacent 
lands, and, provided further, that such leases are slant 
drilled only from an upland or littoral site. Lands 
lying between a point just north of the mouth of the 
Santa Maria River (the latter being the boundary be- 
tween San Luis Obispo and Santa Barbara Counties) 
and the northerly boundary of the state may likewise 
be offered for lease provided the Commission deter- 
mines that they are being drained by means of wells 
upon adjacent lands. The latter may be drilled from 
either upland or offshore drill sites. In the same cate- 
gory are state-owned lands lying between Point Fermin 
and the Ventura County line; between the pier at Pismo 
Beach State Park and the point 10 miles south; the 
areas surrounding San Clemente and Santa Catalina 
Islands; and the area fronting on Santa Barbara; pro- 
vided that as to the Santa Barbara areas the drainage 
must be to lands not owned by the state and the lease 
may embrace an area and be to an extent only as is 
necessary to offset such drainage.) 


Legal Drilling Sites 
Except as noted above with respect to lands lying 
between Newport Beach and the southerly boun- 
dary of the state, each well drilled pursuant to the 
terms of any state tide and submerged land lease 
may be drilled or slant drilled from upland or 
littoral drill sites, or from filled lands whether 
contiguous, or non-contiguous, to the littoral lands 
or uplands, or from any pier heretofore or here- 
after constructed, or from platforms or other fixed 
or floating structures in, on or over the tide or 
submerged lands 
(This new provision makes unequivocally clear the 
proposition that islands are filled lands. In addition, 
it is interesting to note that filled lands are defined to 
include tide or submerged lands reclaimed artificially 
through raising such lands above the highest probable 
elevation of the tides to form dry land, by placement 
of a fill or deposit of earth, rock, sand or other solid 
imperishable material. Such fill may be retained in 
place or protected by bulkheads, sea walls, revetments, 
or similar enclosures. In addition, the new law permits 
the erection of structures such as platforms designed 
to make feasible the drilling of wells in depths of 
water up to 200 or 300 ft. Drilling from upland loca- 
tions limits exploration and development to a narrow 
band probably averaging 1 mile, and certainly not 
exceeding 2 miles, in width from the shore line. Also 
it is generally considered that drilling from artificial 
islands extends this area seaward to a maximum of 
approximately 1'2 miles. It is apparent, therefore, 
that drilling from platforms can extend the area of 
state lands which can be prospected to at least 1 mile 
beyond the 200 ft depth. It is anticipated also that 
drilling from such platforms, in addition to expanding 
the area for prospective exploration and development, 
will enable the state to issue leases in order to protect 
its lands from drainage by reason of wells drilled under 
leases from the Federal government embracing sub- 
merged lands in the outer continental shelf.) 
3. State oil and gas leases shall not exceed 5,760 
acres in any one lease and, if the leased lands 
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are not on a known structure of a producing field, 
they shall embrace not less than 1,920 acres, or 
the whole thereof if less than 1,920 acres are 
available for leasing. 

All state oil and gas leases shall be awarded to 
bidders offering the highest cash bonus. 

Royalties shall be fixed as follows: 

(a) On Unproven Lands: 

Oil — 12% per cent. 

Dry gas, gasoline and other products — 10 
per cent. 

(b) On Proven Lands: 

Oil — EITHER a fixed flat rate of not less 
than 16 2/3 per cent OR a specified slid- 
ing scale royalty commencing at not less 
than 16 2/3 per cent up to a maximum 
specified in the invitation to bid. 

Dry gas, gasoline and other products — 15 
per cent. 

Term of Lease 

Leases shall have a primary term of 20 years and 
an indefinite term for the life of production. Leases 
heretofore issued for a term of 20 years may 
be extended prior to their expiration upon terms 
and conditions and for such period as the Com- 
mission deems for the best interest of the state, 
provided further that the lessee may apply for 
and the Commission may issue a new lease in 
exchange for any lease having a flat term of 20 
years. In the latter event, the new lease shall 
be issued at the same royalty and on the same 
terms and conditions as the lease for which it 
is exchanged, unless the Commission and the lessee 
shall otherwise agree. In any event the term of 
such exchange lease shall be five years and the 
life of production or for so long as lessee shall 
be conducting, producing, drilling, deepening, re- 
pairing, re-drilling or other necessary lease or well 
maintenance operations on the leased land. 
Leases on unproven lands may have a drilling 
term of not to exceed five years. Leases on known 
geologic structures of a producing field may have 
a drilling term of not to exceed three years. In 
any case, however, the Commission is authorized 
to extend these periods under certain conditions. 
It is further provided that in the event a lessee 
proposes to drill from filled lands or from any 
pier or offshore structure, the lessee shall be al- 
lowed a reasonable time following execution of 
the lease and prior to the commencement of the 
drilling term within which to secure any neces- 
sary permission required from any federal or state 
agency, and a further reasonable time within 
which to commence drilling operations. If neces- 
sary the drilling term of the lease shall be extended 
by the Commission to the date to which the 
time to commence operations or drilling has been 
extended. 

Joint Bids Permitted 
The law specifically permits, for the first time, two 
or more persons or individuals to hold a lease and 
to make joint bids for leases, provided the names 
of all persons, firms or corporations interested in 
the joint bid shall be specified. 

9. The Commission is authorized to grant permits 
for geological and geophysical surveys on state 
lands upon such terms and conditions as the Com- 
mission shall specify by regulation. However, the 
taking of cores and other samples may be freely 
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conducted on the submerged lands without a per 
mit, except that the Commission may require a 
permit covering drilling operations for the pur- 
pose of obtaining geological samples subject to 
such terms and conditions as the Commission may 
impose. 

Major Controversy 

(Currently, a major controversy is raging between 
one or more members of the State Lands Commission 
and its staff members on the one hand, and a large 
representative group of the oil industry on the other, 
with regard to regulations sought to be imposed by 
the Commission. These regulations would require any 
operator conducting geological or geophysical surveys, 
including core hole drilling on state lands, to disclose 
to the State Lands Commission all geological and ex- 
ploratory information obtained in the course of con- 
ducting operations under any such permit, and per 
mitting the inspection, or requiring the furnishing of 
copies, of any core samples, core records, logs or other 
data or information. 

It is the virtually unanimous opinion of representa- 
tives of all segments of the industry that the Commis- 
sion should completely negative any obligations on 
the part of any operator to make such disclosures and 
that such negation should be incorporated into the 
Commission’s written regulations. 

Indubitably, such requirements by the Commission 
would constitute a direct attack on the warp and wool 
of the industry; namely, the competition and individual! 
rights which have long characterized all phases of the 
petroleum business. The disintegrating effects, the pro- 
motion of discord, the discouragement of exploration, 
the blow to the incentive to search out—in fierce com 
petition—that secret knowledge and peculiar informa 
tion the application of which enables one operator to 
gain that infinitesimal advantage over his competitors 
that would inevitably result in the wake of the regula- 
tions sought by the Commission’s staff points up the 
utter viciousness of their position. Further, it consti- 
tutes an attempt to have the oil industry evaluate the 
state’s submerged lands in advance of the offering of 
any submerged lands for lease, it being noted that these 
regulations would be imposed on an operator engaged 
solely in exploratory operations without benefit of the 
protection of an oil and gas lease. 


Confidential Information 

The inherent danger of leakage of such confidential 
information, the high responsibility that would be on 
the Commission to protect the confidential nature of 
such information—actually to the point of rendering 
such information practically useless to the Commission, 
together with the grave doubt that any geological opera 
tions of high standards would be conducted under such 
stringent requirements—all militate against the reason- 
ableness and practicality of the Commission’s conten 
tion. Such a regulation could not serve the best in 
terests of the State of California; the end wouldn't 
justify the means.) 

10. The new assignment provision specifically provides 
for assignments of state leases in whole or in 
part and as to either divided or undivided in- 
terests or as to any separate or distinct zone or 
geological horizon, subject to approval by the 
Commission. The Commission is empowered to 
require the assignee to post a bond and proof of 
qualification to hold the lease. Upon approval of 
the assignment by the Commission, the assignee 
becomes bound by the terms of the lease. In the 





event of a partial assignment, it operates to segre- 
gate the assigned portion from the retained por- 
tion, and the Commission’s approval shall operate 
to release and discharge the assignor from all 
obligations thereafter accruing with respect to 
the assigned portions of the lease. The portion of 
the lease so assigned shall continue in full force 
and effect for the primary term of the original 
lease and for not less than two years after the 
date of discovery upon any segregated portion 
of the lands or zones or horizons originally sub- 
ject to such lease, and thereafter for the life of 
production in paying quantities. Assignments un- 
der this section may also be made with the ap- 
proval of the Commission of parts of leases which 
are in their extended term because of production, 
and the segregated lease of any undeveloped lands, 
zones or horizons shall continue in full force for 
two years and the life of production in paying 
quantities from the segregated leased lands or 
zones or horizons. 


Right to Quitclaim 

It is specifically provided that the lessee shall have 
the unqualified right to quitclaim any state lease 
in whole or in part provided as to a partial assign- 
ment a portion thereof must comprise a 10-acre 
parcel or multiple thereof in a compact form, or 
of any separate or distinct zone or geological hori- 
zon or a portion thereof underlying such 10-acre 
parcel or multiple thereof. Upon the filing of the 
quitclaim, the lessee will be released from all 
obligations as to the quitclaimed portion, provided 
no such quitclaim shall release the lessee from any 
liability for default existing at the time of filing 
of the quitclaim. 

A state lease upon which no discovery has been 
made may be cancelled by the Commission for 
default only after 30 days written notice and 
demand for performance and failure of the lessee 
to exercise due diligence to cure such default. 
After discovery, such forfeiture can be declared 
only after 90 days similar written notice and de- 
mand. In the event of a cancellation pursuant to 
the latter, the lessee shall have the right to retain 
under the lease any and all drilling or producing 
wells as to which no default exists, together with 
a parcel of land surrounding such well as may be 
reasonably necessary to enable lessee to drill and 
operate such retained well or wells. 


Offering for Lease 

In offering lands for lease, the Commission is 
required, among other things, to specify whether 
the lands so offered are within or are not within 
the known geologic structure of a producing oil 
or gas field. 

The Commission is authorized to offer state lands 
for lease whenever it deems it is for the best 
interests of the state to do so, or whenever a 
qualified person makes written request therefor. 
Any offshore filled lands or offshore structure con- 
structed for the purpose of drilling are required 
to conform to the rules and regulations of the 
Commission in effect at the time of invitation to 
bid in pursuance of which the lease is awarded. 
Drilling, whether from upland, littoral or offshore 
locations, must likewise be conducted in conform- 
ance with rules and regulations in effect at the 
time of invitations for bids. 


Public Notice Required 

16. Finally, an important innovation is Section 6873.2 
of the Public Resources Code which requires the 
State Lands Commission to give public notice 
before offering any tide or submerged land area 
for an oil or gas lease. Any affected city or county 
may within 30 days after the publication of such 
notice request in writing to the Commission that 
a hearing be held with respect thereto. Irrespective 
of any such request the Commission may hold 
such hearings as it may determine. Within 30 
days after such hearing, the Commission is re- 
quired to offer the land for lease unless it decides 
that the issuance of a lease in whole or in part 
would result in an impairment or interference with 
the developed shoreline recreational or residential 
areas adjacent to the proposed leased acreage. 
However, in lieu of refusing to offer the lands 
for lease in such case, the Commission may offer 
them in whole or in part imposing such reason- 
able rules and regulations as the Commission 
deems necessary. The Commission may not offer 
any tide or submerged lands for lease under any 
rules or regulations which will result in a dis- 
crimination between bidders by prohibiting drilling 
from upland or littoral drill sites or drilling from 
sites upon filled lands or upon any pier or plat- 
form or other fixed or floating structure on the 
submerged lands unless the Commission deter- 
mines the state’s lands are being drained and 
cannot under a particular method of exploration, 
development or operation be developed without 
interfering with or impairing developed shoreline 
recreational or residential areas. In this event the 
Commission may prohibit such particular method 
of exploration, development or operation. 
The Act is known and may be cited as the “Cun- 
ningham-Shell Tidelands Act of 1955.” 


Opposition to the Law 

Opposition to the new law for California’s offshore 
oil development developed from several sources. Con- 
siderable of this opposition to the modification of the 
Public Resources Code relative to the leasing of the 
state’s offshore lands for oil and gas stemmed from 
several coastal cities and counties. This opposition was 
based primarily on the following two allegations: 

1. That aesthetic and other property values would 
be impaired by wooden derricks dotting our coast line, 
and artificial islands and other offshore structures im- 
pairing the scenic view. 

2. That there would be interference with beaches and 
other recreational areas as a result of well blow-outs 
and pollution and contamination of coastal waters. 

Acutely aware of coastal peoples’ concern, the Public 
Lands Committee of the Western Oil and Gas Associa- 
tion, under A. C. Mattei, forged the essence of the new 
Section 6873.2, hereinbefore referred to, which is 
designed to provide such protection. 


Conclusions 

The repeal of the so-called “drainage provision” 
signalized a radical change in California legislative 
policy. The old policy which limited state offshore 
leases to areas being drained or threatened with drain- 
age had been in effect since 1938. The abrogation of 
this drainage provision was the key to the new leasing 
policy established by the Cunningham-Shell Act. This 
policy now, for the first time, authorizes the issuance 
of wildcat leases on the state’s submerged lands, sub- 
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ject to the restrictions enumerated. Access to potential 
new petroleum reserves has been provided. But prob- 
lems of gigantic proportions lie ahead—principally en- 
gineering and financial. Whereas in the Gulf of Mexico 
the water 30 to 40 miles from shore may be only 60 
ft deep. California’s submerged lands at less than 3 
miles from shore are in many places at depths of 600 
ft below the surface of the water. 

If operatiag costs per barrel of oil from submerged 
lands are to be economically competitive with oil pro- 
duced from the uplands, it will be necessary: (a) for 
the State Lands Commission to offer extensive acre- 
age in its invitations to bid; (b) that it impose a min- 
imum of the kind of requirements in its leases and 
regulations which would add to higher operating costs, 
and (c) that the operations under such leases result in 
the discovery of prolific oil reserves. This vital neces- 
sity stems from the higher cost of exploration and 
development operations at sea, the abnormal increases 
in cost for all associated oil field services and utilities, 
and the additional expenses resulting from increased 
weather hazards. 


Flat Rate Royalty 

Of major significance in the new law is the flat rate 
12% per cent royalty and bonus bidding for leases 
on lands not on a known geologic structure of a 
producing oil or gas field. This practice on federal 
lands, in other states and in Canada, has shown its 
superiority. The experience of our federal government 
when lands were leased on a step scale royalty running 
from 12% per cent to 32 per cent between 1935 and 
1946 showed that the public domain was not being 
adequately prospected and led to amending the Federal 
Mineral Leasing Act in 1946 to provide for issuance 
of leases on wildcat areas at a flat one-eighth royalty. 
The results have been eminently successful. In fact, 
at Dec. 31, 1945, just before the amendment of the 
Federal Mineral Leasing Act, there were outstanding 
7,815 leases covering 4,390,360 acres of public domain. 
On Dec. 31, 1954, there were outstanding 92,626 leases 
covering 68,186,504 acres of the public domain. In 
addition, there has been issued since 1947 some 3,000 
leases covering approximately 3 million acres of so- 
called acquired lands of the United States. That a fixed 
rate of royalty at the customary one-eighth for wild- 
cat lands encouraged exploration and development on 
the public domain is undeniable. 

Since the large majority of wildcat plays result in 
dry holes from which the state receives no royalty, 
the bonus system will operate to supply income to the 
state regardless of whether commercial oil or gas is 
found. 

Fairness of Bonus Bidding 

As to the leasing of lands that are on a known 
geologic structure of a producing oil or gas field, the 
success of the new law, which requires bonus bidding 
as to such lands also, will depend in large measure on 
the reasonableness of the royalty specified by the 
Commission in the invitations to bid, it being recalled 
that the Commission has authority to specify a fixed 
royalty on oil of not less than 16 2/3 per cent, or a 
sliding scale royalty commencing at not less than 
16 2/3 per cent up to a maximum percentage specified 
by the Commission. 


If the State Lands Commission imposes high roy- 
alties in its invitations to bid for state leases, it will 
virtually preclude the smaller companies, particularly 


OCTOBER, 1955 


the non-integrated companies which are in the vast 
majority, from participating in the prospecting and 
development of such areas. These companies must be 
in a position to anticipate a favorable economic result 
from their operations solely from the field sale price 
of the products produced. The integrated companies 
which can look to the marketing of their products 
may be able to afford high royalties, being content 
merely to break even on their producing operations 
The likelihood of the independent non-integrated opera- 
tor being a successful bidder is approximately in inverse 
proportion to the amount of royalty. On its face this 
would appear to be beneficial to the state and result 
in the payment of larger revenues. It is submitted, 
however, that the increased competition from the in- 
dependent companies which would result from the 
incentive of reasonable royalties would be in the long 
run advantageous to the state by resulting in larger 
ultimate recoveries. Furthermore, excessive royalty rates 
will lead to earlier abandonment of wells, thus result- 
ing in lower ultimate recovery and a loss of oil and 
gas with a consequent loss of oil revenue to the state 
Too, excessive royalties will tend to discourage if not 
to prohibit secondary recovery, pressure maintenance, 
water flooding, and other similar costly operating 
measures. 

In California it has been necessary to drill 18 wild- 
cat wells in order to find one field having an ultimate 
recovery which would be sufficient to pay out its cost 
of development; 125 wildcat wells to find one field 
having an ultimate recovery of 10 million bbl or more: 
and 459 wildcat wells to discover one field having an 
ultimate recovery of 50 million bbl or more. The fig 
ures are comparable throughout the United States, ex- 
cept that it has required 858 wildcat wells in the United 
States to find one field having an ultimate recovery of 
50 million bbl or more. Hence, for the several million 
acres of submerged lands off the coast of California 
to be adequately prospected, it was in order to estab- 
lish a sound policy by statute. 


A Stern Law 

In many of its aspects, the new law is a stern one 
and only action under it, and time, can surely test it 
in all its ramifications. 


It retains many broad discretionary powers in the 
State Lands Commission. These powers if arbitrarily 
and unreasonably applied will stifle much of the utility 
of the law to operate to provide new and increased 
revenues for the state treasure and to supply the addi- 
tional energy needs. The law will probe the caliber of 
the Commission in this regard. 


Several major areas—deemed excellent prospects fo: 
the development of oil—were excluded for purposes 
of exploratory leases. As to those areas the law may 
be fairly said to be substantially deficient. Here then 
is a test for the ingenuity, skill and business states- 
manship of the oil industry. The future record for 
orderly development, good manners and the protec- 
tion of aesthetic, residential, recreational and othe: 
property values may well be the crucible from which 
will come either a liberalization of the Act or the 
imposition of stringent restrictions. The responsibility 
of every segment of the industry and of every person 
in it to establish an exemplary pattern in offshore oil 
exploration and development cannot be over-empha- 
sized. ek 





















































There’s a better, easier way 
to pump oil wells, too... 


Have you ever noticed how a new method of tackling an old 
problem makes the problem itself less formidabie? That is 
1j f oi . O i Our pictorial magazine, Pump 

what has happened in the case of oil well pumping. perators ing Trends, shows bow KOBE 
often report that Kobe Free Pump wells are even easier to is being used to sim 
operate than flowing wells. As for economy ...the Kobe plify pumping prob- 
system normally costs $2,000 to $4,000 less per well to install, le tea hte here. 
OZ . S « a Write, we'll be happy 
and 50% less to operate. If this kind of economics is impor- 

f : 2 to add your name to 
tant in your Operation, why not write or call us? oar mailing list 





KOBE, INC. General offices: 3040 East Slauson Avenue | Huntington Park, California 





5 ALL Purpose Packer 


for ALL Producing P ss oblems 
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MINIMIZES UNSEATING FROM BELOW a8 


This all-purpose packer will handle all your produc- 
ing and stimulating problems. Easy to run because 
of the large by-pass ports which prevent piston action. 
Easy to set without left hand rotation, and easy to 
retrieve without rotation. All working parts are en- 
closed and are not affected by debris, or corrosive 
fluids and gases. 


Have your Brown Oil Tools representative show you 
the advantages and proved in the field reasons why 
the Brown Duo-Pak is the best buy today in packers. 


For further information write: 


BROWN OIL TOOLS, INC. | 


2216 CAMPBELL ST. HOUSTON, TEXAS 





COMMANDER ROBERT E. PEARY 
DISCOVERS THE NORTH POLE APRIL 9, 1909 


* 
& 


LEST 
EXPLORATION has ional: 


especially 


OIL EXPLORATION! 


Paths of the explorer’s dog team have 
been replaced by the tracks of the snowmobile. 





Covering in a few short weeks areas that would require weary 

months on foot, Western crews and equipment push back the oil frontiers 
of the North ... keep ahead of the bit with the most advanced 
geophysical surveys available today. 

Whether your requirements are for land or water exploration, Western 
crews know no season ... are ready with men and equipment 


to reach your oil frontier wherever it may be. 
Your inquiry is invited. 








Low Fillup Cost ‘The excellent bridging and lightweight 
qualities of Strata-Crete 6—cement slurries reduce losses 

to thief formations, keeping the slurry in the annulus 

where you want it. Therefore, actual cost to fill a given annulus 
is considerably less than it is with most other 

cement mixtures now used. 


for greater fillup capacity 


® TRADE MARK 


memarmmns Siaia-Crele 


the new perlite 


Distributed by leading service companies 
throughout the oilfields. 


Write today for complete technical information. 


Sales. Representatiye.in Rocky Mountain Area: 
Mud Control Lab ies, Inc, 
In California: Ma oO ic 


*Refers to gal | 
Strata-Crete 6. 


GREAT LAKES CORPORATION 


A Subsidiary of Great Lakes Carbon Corporation 
1204 Prudential Building 
Houston, Texas 





“Like getting the hole 
calipered FREE!” _..... 


t 


..48 @ Abiller said recently. 


_ Here’s why no other 
caliper can match the 


Johnston Hydraulic 


HOLE CALIPER 


Whatever the hole condition, you can be sure of getting a complete 
picture with the Johnston Hydraulic Caliper! 


Saves time! No need to stop and rig up wire line. No delay 
or difficulty in crooked or directionally drilled holes. 


Saves money! The only hole caliper that can often pay the cost of 
calipering in savings in rig time. The Johnston Hydraulic 

Hole Caliper is dropped into the drill pipe just before pipe is removed. 
Measures and records hole diameter as pipe is pulled from hole. 

Pipe may be rotated out in normal manner. 


Accurate! Records continuous diameter of hole, bottom to top, 
either at detail speed or normal charting speed. Each 

measuring arm functions independently assuring the accurate 
measurement of irregular shaped hole. 

Measures from the bottom! With the Johnston Hydraulic Hole 
Caliper, you can always be sure of starting to measure at 

the bottom every time. 


When you get so many more advantages by using the Johnston 
Hydraulic Hole Caliper, why ever use less? 








The Johnston Hydraulic Caliper 
provides accurate information on hole 
diameter from bottom to top. Informa- 
tion you can use with confidence. 


WRITE OR CALL FOR DESCRIPTIVE FOLDER 


JOHNSTON TESTERS 


first in drill stem testing 


P.O. BOX 98, 
HOUSTON, TEXAS 
LOS ANGELES, CALIF. + CALGARY, CAN. 





LUFKIN 


pumping unit field with the yew (Pune 


OF IMPROVED CRANK BALANCED UNITS 


30, 
_ “capacity ay 


In. LB. 





STANDARD 
ASSEMBLIES 





C-640DB-144-30 
C-640DB-120-30 
C-640DB-108-30 
C-456DB-144-30 
C-456DB-120-30 
C-456DB-108-30 
* C-320D-120-25 
C-320D-84-30 
C-320D-84-27 
C-320D-74-27 
C-320D-74-25 
C-228D-74-27 
C-228D-74-23 
C-228D-74-20 
C-228D-64-23 
C-228D-64-20 
C-160D-74-20 
C-160D-64-23 
C-160D-64-15 
C-160D-54-18 
C-160D-54-17 
C-114DA-64-15 
C-114DA-54-17 


C-114DA-54-16A 
C-114DA-54-15 
C-114DA-54-14 
C-114DA-54-13.5 
C-114DA-48-14 
C-114DA-42-10.5 
C-80DB-48-14 
C-80DB-42-10.5 
C-57D-48-10 
C-57D-42-10.5 
C-40D-40-7.4 
C-40D-34-8 
C-25D-28-6 
C-25D-24-6 




















The new “C” series offers a greater variety 
of combinations of torque, counter-balance, 
and polished rod capacity to suit any 
conceivable well condition. 


LET YOUR LUFKIN REPRESENTATIVE ASSIST 
IN SELECTING THE PROPER AND MOST 
ECONOMICAL UNIT FOR YOUR REQUIREMENTS 


EXPLANATION OF UNIT DESIGNATION 
C  —For Crank Counterbalance 
320D—Gear Reducer (320,000 Lb. In. Peak Torque 


Double Reduction) 
120 —Maximum Stroke (120 Inches) 
25 —Peak Polished Rod Capacity (25,000 Lb.) 


These Units Are Also Available 
With Single Reduction Gear Reducers 


a4 


FOUNDRY & MACHINE COMPANY 
LUFKIN, TEXAS 


Branch Sales and Service: Houston ® Dallas © New York © Tulsa @ Los Angeles © Seminole © Oklahoma City © Corpus Christi ¢ Odessa 
Kilgore ¢ Wichita Falls © Casper, Wyoming @ Great Bend, Kansas @ Effingham, Illinois © Sterling, Colorado 
Lafayette, Louisiana @ Bakersfield, California © El Dorado, Arkansas 


Lufkin equipment in Canada is handled by THE LUFKIN MACHINE CO. LTD. 14321 108th Avenue, EDMONTON, ALBERTA, CANADA 
- ee = 





Dual Completions call for 


HYDRIL 


TUBING JOINTS 






















































































SMALLEST O.D. 

...and streamlined 
upset make HyDRIL 
tubing joints ideal 
where parallel flow 
strings are desired. 


LARGEST |.D. 

...both HyDRIL 
strings are large 
enough to run rod 
pumps or large gas- 
lift equipment. 








STRONGEST JOINTS 

... these smaller 
HYDRIL tubing joints 
are also the industry’s 
strongest. 


Get the detailed story 
on HypDRIL Tubing 
Joints from your 2lst 
Composite Catalog, 
pages 2533-6. 







































































DRILL PIPE...CASING...OR TUBING...YOUR BEST CONNECTION !IS HYDRIL 








REPORT and INTERPRETATION 


K. C. HOWARD* 
MEMBER AIME 


NEW DEFINITION for the TECHNICAL NOTE 


The Technical Note was originated in 1949 as a 
means of obtaining quick publication of progress re- 
ports and contributions of current interest in the Petro- 
leum Branch literature. Shortly after this classification 
was introduced, Branch publication committees seized 
the Technical Note classification as a means of giving 
recognition to papers that make a substantial contribu- 
tion to the literature of the profession, but do not meet 
all requirements for Technical Paper status. 


This and other digressions from the original con- 
cepts of a Technical Note have resulted in some mis- 
understandings. Consequently, it was deemed necessary 
by the 1955 Transactions Editorial Committee to clarify 
the matter. As it is believed that the present concept 
of the Technical Note serves a most worthwhile pur- 
pose, it has been decided to frame a new definition 
incorporating the changes and additions. 


Original Definition 


The present definition is substantially the same as 
the original, except for the following changes: 

All Technical Notes approved for publication in 
JOURNAL OF PETROLEUM TECHNOLOGY will be pub- 
lished in the annual Petroleum Transactions volume. 
Prior to this the Committee voted at the end of each 
year on which of the Notes published in the magazine 
should be included in the permanent volume. 

The Transactions Editorial Committee, in coopera- 
tion with its readers, may request authors to condense 
or delete parts of manuscripts submitted as Technical 
Papers to emphasize new material contained and, with 
the author’s consent, publish them as Technical Notes. 

Manuscripts of the proper length submitted as Tech- 
nical Notes will be reviewed by the Committee and 
published as quickly as possible. In contrast, Technical 
Papers are reviewed by experts throughout the in- 
dustry selected by the Committee, and the reviewing 
process often takes considerable time. 


The New Definition 


The Technical Note shall constitute a contribution 
to the technical literature and shall be: 
1. Material submitted by an author as a short man- 
uscript; 
2. Material condensed from a longer manuscript at 





*K. C. Howard is chief petroleum engineer for Richardson & Bass, 
Fort Worth. 
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CHAIRMAN 
TRANSACTIONS EDITORIAL COMMITTEE 


the request of the Transactions Editorial Com- 
mittee. 

Technical Notes which are designated as such when 
submitted by authors will be considered promptly by 
the Transactions Editorial Committee and, if approved, 
will be published promptly. Such Notes should consist 
of the following: 


1. Results of short investigations which do not war- 
rant a Technical Paper; (Investigations of wide 
scope and interest, even though short, constitute 
material for Technical Papers.) 


. Results of limited scope from extensive investiga- 
tions that do not warrant a Technical Paper: 


. Results or conclusions arising in the course of 
an investigation which the author wishes to 
present prior to completion of the investigation 

The maximum length for a Technical Note will be 
1,800 words, less 250 words for each illustration. Man- 
uscripts of greater length will not be considered for 
publication in this form. 

The Transactions Editorial Committee procedure for 
reviewing a Technical Note shall be that the Committee 
Chairman or Secretary will assign the Note to one 
member of the Committee for recommendation on 
publication, and send copies of the Note to all othe: 
members. The Committee member to whom the Note 
is assigned will report his review and recommendations 
at the next Committee meeting. Technical Notes ap- 
proved for publication in JOURNAL OF PETROLEUM 
TECHNOLOGY will be included in the bound Transac 
tions volume for the year in which they are published 


Practice of the New Definition 


Already Transactions Editorial Committee members 
have started the practice of reviewing Technical Notes 
themselves. In order to accomplish this review by a 
single member and provide copies of the Note for in- 
spection of all members, it is necessary that the Petro 
leum Branch receive eight copies of Technical Note 
manuscripts—seven for the members of the Commit 
tee and one file copy. 

The plan of automatically publishing all Technica! 
Notes in the Transactions volume which were pre 
viously approved for publication in PETROLEUM TECH- 
NOLOGY will be put into operation in 1956. In 1955, 
as in past years, all published Notes will be reviewed 
again at the end of the year for decision on inclusion 
in the annual volume. kik 





PERSON ALS of Petroleum Branch Members 


H. M. SHEARIN has joined Core 
Laboratories, Inc., Dallas, as a senior 
petroleum engineer in the Reservoir 
Engineering and Consulting Dept. A 
chemical engineering graduate from 
Rice Institute in 1948, Shearin was 
employed immediately prior to his 
new Core Lab position by Humble 
Oil & Refining Co. Previously he 
had received field training with 
Gravity Meter Exploration Co. and 
U. S. Engineers. He has been a mem- 
ber of the Gulf Coast Local Section 
Formation Evaluation Study Group 
Committee. 


Ww 


W. K. Harwoop has joined the 
Bovaird Supply Co. to serve in an 
advisory capacity to the staff and 
management. He was formerly asso- 
ciated with his brother, R. J. Har- 
wood, in the operation and manage- 
ment of the Harwood Oil Co., Wich- 
ita, Kan. 


JOHN R. SUMAN, former vice-pres- 
ident and director of Standard Oil 
Co. (N. J.) has been elected a direc- 
tor of Schlumberger Well Surveying 
Corp., Houston. Suman retired from 
Standard Oil Co. in March, 1955, 
and opened an office in Houston as 
a consultant. In July he was retained 
by Chemical Corn Exchange Bank 
and Blyth & Co., Inc. of New York 
to act in a consulting capacity for 
them. He was elected to the Advisory 
Committee of the Board of Directors 
of the Chemical Corn Exchange 
Bank on June 27, 1955. 
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WILLIAM B. Apair and Purvis J. 
THRASH have formed a new distrib- 
utorship for Macco Oil Tool Co. 
The name of the company will be 
“Macco Gas Lift of the Mississippi 
Delta.” Adair has been chief engineer 
for Macco for a year. He is a 1951 
petroleum engineering graduate of 
the University of Texas and pre- 
viously worked with Associated En- 
gineers of Houston. Thrash has been 
a distributor for Macco in Louisiana 
for the past two years. He worked 
for Pan American Pipe Lines fol- 
lowing his graduation with a degree 
in petroleum engineering from Texas 
A&M in 1950. 


H. J. RAMey, JR., has been trans- 
ferred to General Petroleum Corp. 
offices in Los Angeles, where he will 
work with the Belridge In-Situ com- 
bustion thermal oil recovery experi- 
ment. He formerly was a senior re- 
search engineer at the Magnolia Pe- 
troleum Co. Field Research Labora- 
tories in Dallas. Ramey holds BS 
and PhD degrees from Purdue Uni- 
versity in chemical engineering. 


A 


GUSTAV STOLZ has joined the 
Dept. of Petroleum Engineering fac- 
ulty of Montana School of Mines. 
He received his BS degree from Colo- 
rado School of Mines and his MS 
from University of Oklahoma. Since 
1951 he has been employed by Stan- 
olind Oil and Gas Co. as a junior re- 
search engineer. 


ELLioTT I. ORGANICK has estab- 
lished a consulting office in Shreve- 
port, specializing in high speed com- 
puting, data processing for chemical 
engineering and business applications 
and oil and gas reservoir behavior. 
He formerly was senior research en- 
gineer with United Gas Corp. in 
Shreveport. His experience includes 
one year with the Manhattan Proj- 
ect, one year with W. M. Kellogg 
Co., and graduate work under Dean 
G. G. Brown from 1946 to 1950. 
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H. E. Ex tis, Jr., has accepted the 
position of evaluation engineer for 
the Republic National Bank of Dal- 
las. He formerly was reservoir en- 
gineer with Sun Oil Co., Dallas, hav- 
ing joined this company immediately 
after receiving his BS degree in pe- 
troleum engineering from Oklahoma 
University in 1950. His work with 
Sun has involved field experience in 
Louisiana and West Texas, research 
work in the Philadelphia laborato- 
ries, and reservoir work in the Dal- 
las office 


ALVIN E. HALL has joined Sohio 
Petroleum Co. as special projects en- 
gineer, after spending approximately 
10 years with Phillips Petroleum Co. 
in the reservoir engineering section. 
In his new job at Sohio, Hall will 
be in charge of all special projects 
studies as assigned by the chief en- 
gineer and will also be over the Pro- 
duction Dept. Laboratory. 


Davip CORNELL is now engaged 
in research and engineering design 
with the Monsanto Chemical Co. in 
Dayton, Ohio. Previously he was a 
member of the faculty at the Univer- 
sity of Texas, where he received his 
PhD degree 


R. C. GRANBERRY, JR., Southwest 
Texas Div. petroleum engineer for 
Humble Oil and Refining Co., has 
been promoted to assistant chief 
petroleum engineer, as was T. A. 
Huser, formerly supervising petro- 
leum engineer in the Petroleum En- 
gineering Div. Houston office. 

(Continued on Page 28) 
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PETROLEUM ENGINEERING ACCREDITATION 


During the past several years, considerable progress 
has been made in the accrediting of various educational 
institutions for their proficiency and adequacy of in- 
struction in their chosen fields. In the beginning, ac- 
creditation was for institutions and by the regional 
accrediting associations. In the early thirties, a tendency 
toward licensing professional engineers began and has 
spread so that now it involves most of the states of the 
Union. The purpose of the State Boards for Profes- 
sional Engineers was to certify as to the ability of 
individuals to meet the requirements of various types 
of engineering, and to set up rules of conduct and 
ethics for engineers. The question of eligibility of grad- 
uates of various institutions became a problem of im- 
mediate interest. It was necessary that the Boards have 
some standard in selecting such graduates. The State 
Boards soon turned to the Engineering Societies for 
a list of such acceptable schools, in an effort to avoid 
unlimited confusion and the necessity for each State 
to set up its own standards. 

The Engineering Council for Professional Develop- 
ment (ECPD) was given this task in 1932 and began 
accrediting undergraduate engineering curricula in 1936. 
This Council is made up of representatives of the 
Founder Societies, plus the American Institute for 
Chemical Engineers, the American Society for Engi- 
neering Education, The Engineering Institute of Can- 
ada, and the National Council of State Boards of 
Engineering Examiners. It therefore speaks with au- 
thority for the great bulk of the old line and recog- 
nized fields of engineering. 


Functioning of ECPD 


Each of the functional engineering organizations 
appoints representatives to the ECPD, who are the 
governing body of the Council. The American Society 
for Engineering Education acts as a policy making 
group in that it is intended to represent the overall 
thinking of engineers in regard to their educational 
problems. This association is made up very largely of 
educators, and although industry members are per- 
mitted, they take very little active interest in the work 
of the ASEE. Regional meetings are held each spring 
and an annual meeting in June. 

The actual inspection of institutions is made under 
the supervision of the regional chairman and vice-chair- 
man of the ECPD, and the inspection team is com- 
posed of members selected by the regional chairman 
from lists of inspectors submitted by the various so- 
cieties. These lists are composed of both educators 
and especially selected practicing engineers, who have 
indicated their willingness to serve. 


Confusing Situation 
The selection of this list for the AIME is by the 
Mineral Industry Education Division of the Institute. 
Membership in this Division is open to all members of 


the AIME, but a member who has chosen the Petro- 
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leum Branch may not also be a member of the MIED, 
although he may attend the meetings and receive the 
literature. It is hoped that this confusing situation will 
be corrected in the future. In the past the Petroleum 
Branch has been inadequately represented by inspec- 
tors, or in the MIED. As a result the latest classifica 
tion of petroleum engineering is as “cognate,” while 
mining and metallurgy are listed as “major” although 
the mining and petroleum curricula are very similar 
except for applied engineering courses. This matter 
was discussed at considerable length at the 1955 Annual 
AIME Meeting at Chicago and steps are being taken 
to rectify it. 


To Clear up the Problem 


In helping to clear up the accreditation problem 
one of the first steps of the Petroleum Branch Edu- 
cation Committee was to select a list of inspectors 
In view of some of the involved background material, 
it was decided that the 19 members of the Committee 
should also act as inspectors. This will give an ade- 
quate geographical distribution, although it may not 
be a good permanent policy for committee members 
to act in this dual capacity. 

The Petroleum Branch Education Committee feels 
that most of the problems of petroleum engineering 
education can be corrected or adequately handled if 
the membership of the Petroleum Branch is kept in- 
formed. It will be our purpose to attempt to do this 
in the forthcoming months. We will welcome any sug- 
gestions or comments you may have. 

A. W. WALKER, CHAIRMAN 
Education Committee 





AIME MEMBERS ON ECPD 


AIME representatives on the Engineers Council for 
Professional Development for the year beginning Oct. 
14, 1955 have been named as follows: Committees: 
Guidance, M. D. Cooper and F. T. Sisco; Education, 
Lysle E. Shaffer and J. R. Van Pelt, Jr.; Student Devel- 
opment, Curtis L. Wilson; Training, Ralph J. Schilthuis: 
Recognition, Frank C. Breyer; Information, A. S. 
Cohen; Ethics, Clyde Williams. Also, Raymond F. 
Baker has been named to succeed T. A. Read as AIME 
representative on the Council itself, for a three-year 
term expiring in Oct., 1958. 


MIED AWARD COMMITTEE 


The Mineral Industry Education Division has set 
up a Mineral Industry Education Award. It will be 
given to recognize originality and leadership in teach- 
ing, and administrators who contribute materially to 
the advancement of mineral industry education. A prize 
of not less than $100, together with a certificate of 
award, is planned. The recently appointed committee 
to select a recipient consists of: Charles E. Lawall, 
chairman; Allison Butts, ‘57; H. H. Power, 58; Charles 
H. Behre, Jr., ‘59 and Curtis L. Wilson, *60. 





PROFESSIONAL SERVICES 


This space available only to AIME members. 


Rates Upon Request 





AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oil and Gas Reserves 
Property Vaivations, Reservoir Analyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANS. 








E. L. ANDERS, JR. 


Consulting Petroleum Engineer 


Secondary Recovery 
Reservoir Analyses 
Oil Property Management 
230 Petroleum Building 
ABILENE, TEXAS 
Phone: 3-225! 








BALL ASSOCIATES 
OIL AND GAS CONSULTANTS 


Douglas Ball 


Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W 
WASHINGTON, D.C. 








J. HOWARD BARNETT 
PETROLEUM CONSULTANT 


Casper National Bank Bidg. Phone 2-1758 


113 East Second St. Casper, Wyoming 








ROBERT M. BEATTY 


Consulting Geologist 


Esperson Building Houston, Texas 








BERRY & PHILLIPS 


Consulting Petroleum Engineers 
Reserve Estimates Economic Analyses 


Management 
MIDLAND, TEXAS 


203 Leggett Building Phone 2-0019 
Oo. H. Berry Charlies E. Phillips 








BRADLEY, OLIVER AND 
ASSOCIATES 


PETROLEUM CONSULTANTS 


Geology, Engineering and Management 
Republic Bank Bidg. 
Dallas, Texas $T-5331 








Oil and Gas Reserves—Appraisals 
Flooding —Technology 


J. RANDOLPH BUCK 


Petroleum Engineer 
National City Bidg. Sterling 1688 
DALLAS, TEXAS 








JOHN L. JORDAN 


Analytical and Petroleum Chemist 
Podbielniak and Charcoal Analysis 
Water - Oil Field Brines 


CAMPBELL LABORATORIES 


Phone: Tulip 4-0371 Corpus Christi, Texos 











CHEMICAL & GEOLOGICAL 
LABORATORIES 


Consultants - Investigations - Evaluations 
James G. Crawford Petroleum Engineer 
F. Raymond Wheeler Petroleum Engineer 


P. ©. BOX 279 CASPER, WYOMING 








CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 
Donald D. Lewis 








EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 


3316 East 21st St. 
TULSA 14, OKLAHOMA 
Phone: 9-6345 








EASTON & SACRE 


Consulting Petroleum Engineers 
E. M. Easton 
lL. P. Sacre, Jr. 
H. M. Allen 
1716 Oak Street Phone FAirview 5-5026 
BAKERSFIELD, CALIFORNIA 








WARD M. EDINGER 


Consulting Petroleum Engineer 


Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Oklahoma City, Okla. FO-5-1421 








EMPIRE RESOURCES 
MANAGEMENT, INC. 


Management, Consulting and Evaluation 
il, Gas and Uranium 
J. Crichton, Pres.; C. C. Harter, Jr., Vice Pres. 
602 FIDELITY UNION LIFE BLDG., DALLAS 


ST-5396 
4TH FLOOR C&! BLDG., HOUSTON, CA-89571 








FITTING & JONES 
Engineering and Geological Consultants 
Raiph U. Fitting, Jr. 
J. R. Jones 
T. W. Hassell 
Petroleum 
223 S. Big Spring St 
Phone 4-445] 


Natural Gas 
Box 1637 
Midland, Texas 








ROBERT D. FITTING 


Petroleum Consultant 


Engineering and Geology 
MIDLAND, TEXAS 


201 West Building Phone: 4-4922 








MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 


Houston 2, Texas Phone PR-6376 


HARRELL DRILLING 
AND 
OIL COMPANY 


Contract Drilling—Production 
Geological Appraisals 
MELROSE BUILDING 
HOUSTON, TEXAS 








GEORGE A. HOCH 


Thin Section Technician 
Unconsolidated Materials a Specialty 
Standard and Vacuum impregnated Sections 
DEPT. OF GEOLOGY 
FRANKLIN & MARSHALL COLLEGE, 
LANCASTER, PA 








E. W. HOUGH 
Emulsion and Paraffin Problems 
Box 7547 University Station 
Austin, Texas 


Registered Engineer in Calffornia and Texas 








KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Reservoir Analysis 
Petroleum and Geological Engineering 


902 W. T. WAGGONER BLDG. 
FORT WORTH, TEXAS 
Phone: FAnnin 7583 
W. O. Keller L. F. Peterson 








R. W. LAUGHLIN 


Well Elevations 
Laughlin-Simmons & Co 
2010 S. Utica 
TULSA 4, OKLAHOMA 








LEIBROCK & LANDRETH 


Consulting Petroleum Engineers 
Valuations—Reservoir Analvses 
Proration—Geological Investigations 
Property Management—Well Completions 
PETROLEUM LIFE BLDG 
MIDLAND, TEXAS 
Phone 2-7500 P. ©. Box 605 
GEORGE H. LANDRETH R. M. LEIBROCK 








MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 
Engineering - Geology - Management 
131 Central Bidg Phone 2-5216 
MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson 








BUCK J. MILLER 


Petroleum and Geological Engineering 
Evaluations—Reservoir Analysis 
Geological Investigations 
917 Staley Building, Wichita Falls, Texas 
Telephone: 3-9582 














M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions 
Prodvetion, Workovers 
Property Management 
Hapip Bidg Williston, 
3-4642 North Dakota 
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NECROLOGY 
Edwin Letts Oliver, a Director and a Lit« 
eee gel WM. H. SPICE, JR. ssaciaar al AIME, died on ‘Aug. a8, 1068. 1: 
1939 he was chairman of the San Francisc: 
ENG NEERING, INC. Consulting Geologist penis: ite. aan anaes at the Lagton o! 
Reservoir Analyses - Water Flood Projects 2101-03 Alamo National Building Honor Class of 1962 and received the Jam 
ne Douglas Gold Medal for distinguished achiev: 
Gas Storage Reservoirs SAN ANTONIO 5, TEXAS ment in non-ferrous metallurgy in 1955. 
EVANSVILLE, INDIANA Born in 1878, Oliver graduated from Uni 
319 COURT BUILDING PHONE 5-8154 versity of California in 1900 and received 
the honorary degree of LLD from there in 
SUBSURFACE 1945. He developed the Oliver Continuous 
Filter for improvement in gold reeovery and 
OILFIELD RESEARCH ENGINEERING COMPANY decreasing of tailing losses. In 1910 he formed 
é the Oliver Continuous Filter Co. In 1925 he 
Core Analysis Reservoir_Engineering Experts in Field Testing, Sampling and formed Oliver United Filters Ine., which wa 
1907 DIVISION, EVANSVILLE, IND. Analyzing Reservoirs and Reservoir Fluid merged with The Dorr Co. in 1954 to becom: 
Phone: GR 7-1508 (Night GR 6-0608 for Reservoir Studies Dorr-Oliver Inc. 
or GR 6-4882) WRIGHT PETROLEUM LABORATORY Date 
Service Laboratories Home Office: Box 1827, Tulsa Elected Name Date of Death 
MT. VERNON, ILL. PAINTSVILLE, KY. Frank Purdum 1911 Morris F. La Criox July 29, 199% 
513 —(Phones Day or Night)h— 1160 1929 Robert B. Campbell Aug. 16, 5 





























MARK OLSON 


Petroleum Consultant 
Southwest Texos 


202 Britton Rio Grande City, Texas 








for rotating small drill strings 


ERNEST K. PARKS 


nel age alesis iat teeminiagl forward or reverse — without a rotary table . 
Planning, Direction and Examination of emacs (nin alll within tare lt 


Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oil Property Valuation 


Te aCe ta) 6 THE BAASH-ROSS POWER SWIV! 
Telephone: GRanite 2-2632 











PETROLEUM CONSULTANTS e Ideal for light drilling, production and 


Engineering and Geology fishing jobs. Drilling out cement 
E. O. Bennett James O. Lewis scraping liners—backing off rods 
D. G. Hawthorn M. D. Hodges and tubing—rotating cutters—mill 
1552 Esperson Building Houston 2, Texas ing...and many other operations 








PETROLEUM TECHNOLOGISTS 


Production Research - Core Analysis 
Secondary Recovery 
868 Truckway, Montebello, Calif. 
NORRIS JOHNSTON PArkview 1-5338 








PISHNY AND ATKINSON 


Engineers and Geologist: 
Valuation of Oil and Gas Properties 
2412 Continental Life Bldg. 
FORT WORTH, TEXAS 


Chas. H. Pishny Burton Atkinson 











E. E. REHN 


Consulting Petroleum Geologist 

Oil Exploration 3 2 

Wood Building, 624 Locust Street A. ' @No kelly, rotary table or outside power 
EVANSVILLE, INDIANA 7 supply needed. 








e Convenient control unit. 


R. WAYNE RUSSELL 
PETROLEUM CONSULTANT : 
Engineering and Geology on ey = e Quickly transported to any field location 

DALLAS, TEXAS 
625 Reserve Loan Life Building 
Phone ST-3020 


e Works at any height. 


@ Choice of Diesel or Gas Engine Drives. 








investigate this compact time and money 


JOHN HOWARD SAMUELL 
Specializing in Bank Valuations 

Geologist and Petroleum Engineer BAAS H-ROS Ss TOOL COMPANY 

Compton Building Box 732 


Div 
Phone 4-4493 ond 4-4597, Abilene, Texas 'VISION OF JOY MANUFACTURING COMPANY 


= Los Angeles, Calif. « Houston, Texas * Odessa, Texas * Oklahoma City. ( 
Casper, Wyo. * Olney, lil. « Edmonton, Alb., Canada « New York City 
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PERSONALS 


(Continued from Page 24) 


R. M. CHURCHWELL, former divi- 
sion petroleum engineer for The 
Ohio Oil Co. at Casper, has been 
appointed assistant chief petroleum 
engineer. He will be located in the 
general office at Findlay, Ohio. The 
former Petroleum Branch local sec- 
tion chairman joined Ohio in 1941 
and advanced to division petroleum 
engineer in 1948. L. C. POWELL, 
jivision engineer at Terre Haute, 
Ind., will succeed Churchwell at Cas- 
per, and R. N. Ayars, assistant divi- 
sion engineer at Houston, will move 
to Terre Haute as division petroleum 
engineer. Powell became division en- 
gineer at Terre Haute in 1950, after 
joining Ohio in 1933. Ayars accept- 
ed his first position with Ohio in 
1943, and advanced to assistant pe- 
troleum engineer at Houston in 1952. 


s¥ 


J. L. CouLSON has been advanced 
to the position of assistant produc- 
tion engineer of Warren Petroleum 
Corp.’s Oil Div. in Houston. He for- 
merly was Warren’s regional man- 


ager in the Abilene office, having 
been employed by the company six 
years ago as production superintend- 
ent at Wichita Falls. Coulson is a 
former local section chairman and 
now is a member of the Petroleum 
Branch General Editorial Commit- 
tee. A. J. Evans has succeeded him 
at Abilene, being promoted from the 
position of assistant regional man- 
ager and drilling superintendent. He 
has been with Warren for nine years. 


xy 


JOHN C. CALHOUN, JR., has been 
named dean of engineering for Texas 
A&M. He will head the engineering 
teaching, research and extension 
work of a major part of the A&M 
system. The member of the Petro- 
leum Branch Executive Committee 
was formerly professor and head of 
the Dept. of Petroleum and Natural 
Gas Engineering at The Pennsyl- 
vania State University. Calhoun has 
served as an independent consultant 


C. W. ZIEMER has been named to 
head Sunray Mid-Continent Oil Co.'s 
newly created Evaluation Dept. He 
previously was chief reservoir engi- 
neer in Sunray Mid-Continent’s Pro- 
duction Dept. Now he will direct 
reserve and economic evaluation 
studies of new field discoveries, prop- 
erties being developed, and those 
considered for acquisition. 

KENNETH W. RosBINs has been 
appointed service manager to super- 
vise and direct all service operations 
for Otis Pressure Control, Inc., Dal- 
las. He is the chairman of the Pe- 
troleum Branch Membership Com- 


mittee. The petroleum engineering 
graduate of Texas Tech started to 
work for Otis in 1946. 


to many oil producing and explora- 
tion companies, particularly in the 
field of secondary recovery. 





Formjel is a temporary blocking or sealing material we use to aid the control of acid and 
fracturing treatments. It has been used successfully in thousands of wells to overcome per- 
meability inequalities or weak planes in either limestone or sandstone, and also to direct the 
treating fluid into predetermined intervals 

Formjel is used to treat old and new zones, to block one zone while treating another, 
to block zones where the cement has channeled behind the casing, and for special operations 
such as sealing off a leaking packer. 

Very probably, Formjel or its two companion agents—Firmjel or Thermojel—have an 
application in the treatment of your wells. If you are not fully acquainted with the many 
advantages we are able to offer you with these products, by all means ask your nearest Chemical 
Process Company station for full particulars, or write to us at Box 831 in Breckenridge, Tex. 


THE CHEMICAL PROCESS COMPANY 





In Applications For Membership 





SEPTEMBER HITS A NEW HIGH 


VIRGINIA B. DAGGETT 


Applications for membership 
picked up during September, with 
120 received during the first 27 days 
of the month. This figure is higher 


ASSISTANT SECRETARY 
PETROLEUM BRANCH, AIME 


than any previous month except Dec., 
1954, when 155 applications were 
tallied. 


Total new applications for the 


PETROLEUM BRANCH MEMBERSHIP CONTEST 
FALL MEETING REPORT 


Covering Applications Received Jan. 1-Sept. 27, 1955 


Jan. 1 Applica- 
Member. tions Per Cent 
Section ship Received Increase 
Group A 
. Panhandle 
Hobbs 
Mississippi 
Hugoton 
Billings Petroleum 
North Texas 
South Plains 


East Texas 

Denver Petroleum 141! 

Kansas ; 141 

Wyoming 152 

Lou-Ark 148 

Illinois Basin 

Petroleum 154 

West Central Texas 135 
Total applications from Sections 
Miscellaneous _.... he tiinetsins 
Foreign a 


Total applications received Jan. 1-Sept. 27 


Jan. 1  Applica- 
Member- tions 
Section ship 


Per Cent 
Received Increase 
Group C 
1. Oklahoma City 269 23 10. 
2. Fort Worth 181 16 
3. Venezuela Petroleum 194 16 
4. Delta 308 22 
Permian Basin 352 25 
5. San Joaquin Valley 169 10 
6. New York Petroleum 212 8 
Group D 
Gulf Coast 929 
Southwest Texas 46) 
Mid-Continent 553 
Dallas 433 
Southern California 
Petroleum 597 


year rose to 701, up 14.9 per cent 
from 1954. This rate of increase 
continued through the last three 
months would put the Branch over 
the 1,000 mark for new applications 
in 1955. 

In the membership contest, the 
Oklahoma City and Gulf Coast Sec- 
tions have retained their leads in 
Groups C and D. East Texas in- 
creased its lead slightly in Group B, 
rising from a tie last month with 
Kansas. The Panhandle Section has 
jumped nearly 12 percentage points 
to assume the top position in Group 
A. As this group includes sections 
with smaller initial memberships, a 
few applications can make a sub- 
stantial difference in percentage 
standings. 

The gain in September reflects the 
response to a letter from the Insti- 
tute president, H. DeWitt Smith, 
asking members to help in securing 
new members. This response illus- 
trates again the potential that exists 
for the Petroleum Branch in the 
world’s oil producing areas, and the 
possibility of developing it through 
the efforts of individual members. 
Keep up the good work! 


Proposed for Membership, Petroleum Branch, AIME 


TOTAL AIME membership on July 31, 
1955, was 28,073; in addition 1,918 Student 
Associates were enrolled. 


PETROLEUM BRANCH ADMISSIONS 
COMMITTEE 


Virgil B. Harris, chairman; C. C. Harter; 
Charles Hudson; Raoul J. Bethancourt; Oscar 
K. McElheney; Jack Wahl. 


INSTITUTE ADMISSIONS COMMITTEE 

P. D. Wilson, chairman; F. A. Ayer, A. C. 
Brinker; R. H. Dickson; T. D. Jones; F. T. 
Hanson; Sidney Rolle; O. B. J. Fraser; F. T. 
Sisco; Frank T. Weems; R. L. Ziegfeld; R. B. 
Caples; F. W. McQuiston, Jr.; Arthur R. 
Lytle; H. R. Wheeler; L. P. Warrimer; J. H. 
Scaff. 


The Institute desires to extend its privileges 
to every person to whom it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged 
to review this list as soon as possible and 
immediately to inform the Secretary’s office if 
names of people are found who are known 
to be unqualified for AIME membership. 


In the following list C/S means change of 
status; reinstatement; M, Member; J, 
Junior Member; A, Associate Member; S, 
Student Associate. 

Arkansas 

El Dorado—Harrelson, Hugh Eugene (M). 
California 

Berkeley—Miller, Mervin Thomas (M). 
Fullerton—Johnson, Joe Webster (A); Simm, 
Clarke Norwood (M). 

La Habra—Carpenter, Clayton Arnold (C/S- 
A-M). 
Ventura 
Colorado 
Golden—Weigand, Frederick Lind (M). 
Rangely—Oliver, John Earl, Jr. (J). 
Sterling—Brandon, Cecil E. (A). 
Westminster—Paar, Arthur Edgar (A). 
Illinois 

Centralia—Haynes, Howard Wagner (J). 
Louisiana 

Franklin—Olivier, Donald A. (R, C/S-S-J). 
Lake Charles—Cordill, Stephen Harmon (M) ; 
Robins, William Emmett, Jr. (M). 

New Orleans—Bateman, Earl G. (M). 

Port Sulphur—Mickleberry, Morgan, Jr. (R, 
C/S-S-J). 

Raceland—Sullivan, King (M). 

Maine 

Limestone—Park, Arthur (J). 


Methven, Norbert Elvin (J). 
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Mississippi 

Jackson—Cashion, Martin Lyle, Jr. (M). 
Natchez—Hagan, Edward Emmett (M). 
Yazoo City—Fenno, Thomas Edward (J). 
New Mexico 

Hobbs—Englehart, Clarence Edgar (M): 
West, Allan Cinnamon, Jr. (A). 
New York 

New York—Hulsey, Bob T. H. 
Mitchell, Charles Scott (A). 
North Dakota 
Williston—-Valentine, Henry W. (M). 

Ohio 

Shaker Heighte—Stewart, Richard Siegfried 
(A). 

Oklahoma 

Oklahoma City—Brown, Richard Claus (J); 
Krueger, William Ryan (M); Lyon, Lyman 
Max (M); Lytle, John Kirker (M); Spind- 
ler, Donald Garbutt (J). 

Tulsa—Barr, Kenneth John (J); Douma, 
John H. (M); Emerson, Bruce William (M); 
Errebo, Burns Henry (M); Fox, Milton 
Ernest (M); Hancock, George Lovejoy, Jr. 
(J); Hill, Irving Allyn (J); Huntley, Louis 
Guy (R, M); Marrs, Herman Glenn (R, 
C/S-S-M); Moffatt, Louis Tarleton (M); 
Morrisey, Norman Stewart (M); Newton, 
Paul Francis (J); Raimer, William McKee 
(J); Regier, Samuel (M); Stewart, Marly 
Dean (J); Toomey, Charles Calvin (R, M); 
Volosin, John Howard (J). 

Pennsylvania 
Bethlehem 
Pittsburgh 
Texas 
Abilene 
Amarillo 


(C/S-J-M) ; 


Indelicato, Bernard A. (J). 
Webb, Edwin James (M). 


Bridges, Philip Marvel (C/S-J-M). 
Rogers, Edward Taylor (M). 
Beaumont—Sanders, Oliver LeRoy (M). 
Bellaire—Heider, Edwin Henry (M); May- 
field, James Fredrick (M); Smith, Robert 
Lewis (A). 

Borger—Best, John Lyndel (J); Dickinson, 
William R. (J); Rohde, James Dudley (M). 
Breckenridge—Jones, Austin Thomas (J). 
College Station—Pedigo, John Randolph (M). 
Corpus Christi—Boester, Herbert Fred (M); 
Snelson, Lawrence William, Jr. (M). 
Dallas—Carlson, Roy Floyd (A); Grace, Wal- 
ter Jasper, III (M); Walton, Oscar Edward 
(M); Williams, Don Michael (R, J). 
Florey—Withrow, Jon Richard (J). 

Fort Worth—Clark, Robert Bradford (J); 
Compton, Danny D. (R, C/S-S-J); Dyer, 
Robert Keith (J); Langford, Andy Vernon 


(M); Lisius, Edward James (J). 
Houston—Birdwell, Robert Howard (J); 
Bowles, Iver Moten, Jr. (R, C/S-S-M); Brous- 
sard, Patrick John (M); Bullock, Jerry Dean 
(J); Connell, Hartwell E., Jr. (M); Corbett, 
James Gibbons (R, C/S-J-M) ; Council, James 
Madison (J); Eason, Joe C. (A); Jones, 
Rupert Dale (M); Lyon, James Robert (M) 
Poole, Frank Edward (J); Pruyn, Robert 
O'Malley (J); Seale, Eugene Lamar, Jr. (J) 
Shurtleff, George Willard (J); Stahl, Jame 
Denson (M); Swofford, Marvin Kearby (A) 
Walker, Charles Edward (M). 
Irving—Lilienthal, Walter Benjamin (M). 
Katy—Reed, John Alden, II (J). 
Kilgore—Smith, Allen Ray, Jr. (J). 
Longview—Bowden, Billy Walker (J). 
Midland—Hopkinson, John Leslie (J); Wel 
borne, Gerald Pearson (J). 

Mt. Pleasant—Hicks, Thomas Rudolph (M) 
Odessa—Phillips, Edwin Leslie, Jr. (M). 
Pampa—Crump, Charles Delbert (J); Gabe! 
mann, William Leonard (J); Rosel, Georg: 
De Witte (J). 

Tyler—Jordan, John Wallace (J). 

Wichita Fallse—Brockman, Victor August 
(M); Oglesby, Kenneth Edgar (M); Otto 
David Anthony (A); Reynolds, William 
David (A). 

Utah 

Salt Lake City—Matheson, Frank Brown (A) 
West Virginia 

Salem—Hamilton, John W. (M). 

Wyoming 

Casper—Brumberg, Robert Winslow (R, J) 
Lance Creek—Zuvanich, Philip Loren (J) 
Canada 

Calgary, Alta.—-Bagley, Howard David (J) 
Brown, James Stanley (J); Jenkins, John 
Robert (J); Johnson, Russell Victor (R, M) 
Edmonton, Alta.—Kowalchuk, Arthur (J) 
England 

Bedhampton Hants—-Scorer, John Davi« 
Thomas (J). 

Iran 
Tehran 
Iraq 
Basrah—Sims, Sydney Montague (M). 
Mexico 

Tampico—Rivas, Santiago G. (J). 
Venezuela 

Caracas—Bristow, Joseph Dalton (J); Mo 
rales Zevallos, Augusto Guillermo (J). 
Lagunillas—Murchey, Glenn Nestor (M) 
Maracaibo—Voler, Frank Edward (J). 


Tuman, Viadimir (M). 





EMPLOYMENT 


NOTICES 





[The JOURNAL OF PETROLEUM 
TECHNOLOGY will post notices of 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bldg., Dallas 1. These replies will be 
forwarded unopened and no fees are 
involved. 


PERSONNEL AVAILABLE 


yy Petroleum Engineer, BS degree, 
27, single. Three years’ practical ex- 
perience in drilling and two years as 
a production engineer with experi- 
ence in workovers and well comple- 
tions. Currently employed with ma- 
jor company. Desires staff position 
with smaller organization in South 
Texas. Code 262. 


sy Registered Petroleum Engineer. 
Experience consists of three years’ 
drilling and production, 10 years’ 
reservoir engineering, valuations, 
secondary recovery, oil and gas re- 
serves, unitization, and regulatory 
commission work in supervisory as- 
signment; Northwest Texas. Desire 
employment with Independent. Pres- 
ent salary $12,000. Code 263. 


yy Chemical-Petroleum Engineer 
with 10 years’ experience in techni- 
cal phase of oil and gas production 
desires responsible position with oil 
company or oil well service com- 
pany. Any location within the U.S.A. 
considered. Code 264. 


yy Petroleum Engineer with 15 years’ 
excellent experience in domestic and 
foreign oil production covering both 
planning and operational phases of 
primary and secondary recovery. Po- 
sitions held include assistant division 
reservoir engineer, chief petroleum 
engineer major producing company. 
Degree in geology. Desires affiliation 
with sound organization able to offer 
responsibility and opportunity for 
growth. Code 265 


yy Reservoir Engineer with six years’ 
Permian Basin experience desires to 
relocate with Independent in the Dal- 
las-Fort Worth area. Code 266. 


PETROLEUM ENGINEERS WANTED 
FOR VENEZUELA & COLUMBIA 


Attractive salary and other benefits. Excellent personnel development pro- 
gram. Opportunity to obtain additional experience. Openings now for 
men with up to 5 YEARS EXPERIENCE in drilling, production, reservoir 


and equipment. 
Forward personal data and college transcripts t 


Cc. L. LAUE 


SOCONY MOBIL OIL CO., INC. 


25 BROADWAY, NEW YORK, N. Y. 
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COMPETITION keeps business on its toes . 

and pays dividends to the customer. Competition 
makes oil well cementing service better, too. On 
your next cementing job, call in the company that 
put competition in the business and keeps it there 


Engineered answers to 
oil well cementing 


BJ SERVICE, INC. 
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yy Petroleum Engineer, 36, four 
years’ experience Rocky Mountain 
area drillmg and production. Spe- 
cialty is well completions, workovers, 
and design of producing facilities. 
Three years’ experience in reservoir 
engineering, reserve estimates, and 
cost studies. Presently employed with 
major company. Desires position 
with smaller organization. Capable of 
managing operations or organizing 
engineering department. Code 267 





POSITIONS OPEN 


yy Petroleum Engineer for produc- 
tion and processing equipment de- 
sign. Research possibilities. Experi- 
ence im oil and gas production and 
processing preferred. Salary com- 
mensurate with experience. Replies 
confidential. Sivalls Tanks, Inc. Box 
1152, Odessa, Texas. 


yy Petroleum Engineers. Experienced 
graduate engineers for immediate 
openings in Saudi Arabia and New 
York City. For engineering work in 
development, production, drilling 
process and oil and gas engineering 
on primary and secondary recovery 
problems. 

Supervisory Petroleum Engineer: 
For responsible staff position in 
Saudi Arabia, directing the work ot 
experienced engineers, making petro 
leum reservoir studies. Advise man- 
agement on petroleum reservoir en 
gineering problems. Salary commen 
surate with training and experience 
Write, giving full particulars regard 
ing history and work experience 
H. G. Heinze, Arabian American 
Oil Co., 505 Park Avenue, New 
York 22, New York. 


yy Research mathematician or theo- 
retical physicist. Major oil company 
research laboratory has opening for 
PhD or MS in the field of reservoir 
engineering research. Previous expe- 
rience in applied mathematical re- 
search desirable but not necessary 
Excellent working environment with 
opportunities for advancement. Re- 
plies confidential. Send detailed edu 
cation and experience record, age 
and state salary expected. Code 590 


sy Major independent has an open- 
ing for a petroleum engineer trainee 
No previous experience necessary 
Good working conditions with ex- 
cellent opportunities for advance- 
ment. Replies will be considered con- 
fidential. Code 591. 
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SCRATCHERS 
CENTRALIZERS 
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Stabilizer 
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Rotating 
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Complete Cement Fill 


Well Completion Specialists 
SULF COAST WEST COAST 
Box 3751 
Los Angeles 54, Calif 
Phone DA-4-1106 
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A picture and biographical sketch 
of MuRRAY F. HAWKINS, JR., were 
published in the Sept., 1955, issue 
of JOURNAL OF PETROLEUM TECH- 
NOLOGY. 


Rex W. Woops is a petroleum 
consultant located in Houston. He 
has been engaged in consulting prac- 
tice since 1950. Prior to that time, 
he was employed in petroleum engi- 
neering work in Venezuela, Mexico, 
and the United States. He received a 
BS degree in petroleum engineering 
and did graduate work at Pennsyl- 
vania State University. 


M. Prats returned this August to 
the Reservoir Mechanics Section of 
Shell Development Co., Houston, 
after a year’s assignment to the Oil 
Production Dept. of the Koninklijke 
Shell Laboratorium in Amsterdam. 
He holds a MS in physics from the 
University of Texas and has been 
primarily engaged with secondary 
recovery problems during his six 
years’ association with Shell. 


W. R. STRICKLER received the BS 
degree from Southwestern Louisiana 


Institute and the MA degree from 
Rice Institute, with majors in mathe- 
matics. For 24% years he was em- 
ployed as a geophysicist assistant in 
the Technical Services Div. of Shell 
Oil Co. in Houston, before trans- 
ferring to Shell Development Co.’s 
Exploration and Production Research 


Laboratory 


CHARLES S. MATTHEWS is a senior 
chemist on the research staff at Shell 
Development Co.’s Exploration and 
Production Research Div. He re- 
ceived his PhD in chemistry from 
Rice Institute and worked for four 
Shell in San Francisco. 


years ago he moved to the 


years fo! 
Seven 
Shell Laboratories in Houston. 


ARLETT C. ENGLAND, Jr., grad- 
uated in petroleum engineering from 
Texas A&M in May, 1954. During 
his senior year he worked for the 
Texas Petroleum Research Commit- 
tee on bottom-hole pressure determi- 
nation and on means of estimating 
fracture orientation from draw down 
data. Now he is with Ohio Oil Co. in 


Price, Tex 


Pictures and biographical sketches 
of PauL B. CRAWFORD and Bossy L. 
LANDRUM were published in the Feb., 
1955, issue of JOURNAL OF PETRO- 


LEUM TECHNOLOGY 


(Continued on Page 42) 
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New Services 


New Tools 


° New Methods « « e« Outstanding Results 





Uniform Hole Pattern in 
Casing Plus Deep 
Penetration Means More 
Barrels of Oil 


Among the many benefits of M-3 Bullet 
Perforating is the uniformity of hole pattern 
in the casing. This perforating pattern is the 
same as the chambers in the gun itself, Shots 
are placed in patterns of staggered rows. 
This permits the safe use of more holes per 
foot in the casing, assures complete, uniform 
coverage of the productive zone, provides 
maximum drainage area from the formation 
and eliminates the possibility of bunching 
all shots in one area in the casing. 

A fine example of effective perforating by 
M-3 Guns was recently reported from 
Wyoming. 

Five inch O.D. 18 lb. liner had been set 
through the pay at 4300’ and was perforated 
by another service company for 60 barrels 
of oil per day. 

McCullough reperforated with 204 new 
4” Burrless Ogival Bullets in three hours rig 
time. Well was put on the pump for 260 
barrels per day—over a 300% increase in 
production—and has maintained this pro- 
duction after being on the pump for some 
time. 





we we 


Improved McCullough M-3 Bullet Perforators fire 
one to six shots per foot, one to ninety at a time 
and are placed exactly where they are wanted. 
Uniform hole pattern plus deepest penetration 
assures more effective drainage of pay zone— 
More Oil! 


MCallo 


M-3 Bullet Guns Increase Production 
From 13,000 CF/D to 8 Million CF/D 


Deep Penetration Through Thick Cement Sheath 
Increases Gas Production to 615 Times Previous Rate 


The outstanding penetrating ability of improved McCullough M-3 Bullet Perforators 
was responsible for a startling increase in gas production from a Colorado well, accord 
ing to a recent job report from the area. 
Gas zone was located between 5349’ and 5395’. Open hole, in the pay interval, was 
calipered at 13”. 7” O.D. 23 Ib. casing was set and cemented through the zone. 
This zone had previously been perforated by another service company using | 
permanent type well completion method 
and the well made 13,000 cu. ft. of gas 
per day, 
McCullough was called to re-shoot the 
same zone. Made five runs with impro\ 
McCullough 4%” 20-shot M-3 Guns ar 
fired 184 %” Burrless Bullets in the 46’ ¢ 
zone. A considerable increase in gas pres 
Atte 
perforating was completed, the well test 


sure was recorded after each run. 


at 8 million cu. ft. of gas per day and ! 
continued to be.a good producer. 
Penetration like this is not out of t! 
ordinary. M-3 Guns firing the new ogival 
bullets are capable of penetrating as ma: 
as three strings of cemented casing an 


pile : deep into the productive formation. The 
7” ©.D. 26 Ib. N-80 casing set in cement and 
perforated by 41/4” O.D. McCullough M-3 Bul- 
let Perforator. Test sample was standing on a 
steel plate and 2” Burrless Bullet penetrated 
entire depth of target and 3” into steel plate. 


give you premium penetration at no ext: 
cost—they get the kind of results you want 
— greater production with maximum eco: 
omy. 





M-3 GUN PENETRATES CEMENT LEFT 
BY FIVE SQUEEZE JOBS 


Five and one-half inch 17 Ib. casing had been set through pay at approximately 
6386’. Well had been squeezed five times to obtain W.S.O., leaving a great deal 
of cement to be penetrated. 

Two different makes of jet perforators were fired at the desired depth without 
results. An improved 4%” O.D. McCullough M-3 Bullet Gun fired four shots in 
the same interval and made a well of 125 barrels per day. Time on job: One hour 
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ROOTS-CONNERSVILLE BLOWER 
DIVISION, Connerswile, ind.— 
Rotary positive blowers. gas pumps, 
centrifugal blowers, exhausters, 
and positive displacement meters. 


~ Magcoba; 


IDECO, Dallas, Tex.—Hydrair and LANE-WELLS CO.. Los Angeles. SECURITY ENGINEERING DIVISION, DRESSER-IDECO DIVISION. 
Power Rigs, Full-View re . MAGNET COVE BARIUM Calif, Houston, Tex. Okiahoma Dallas, Tex., Whittier, Calif. — Rock Columbus. Ohio — Radio and 
Substructures: , Dual and CORP., Houston, Tex —Magcobar City. Okla. --Electric and Radio- bit pores sabia : 

Drive-In Rambler ; Blocks, \ activity Well Logging. Koneshot 5, LOCmeP bits 
Swivels. Rotaries: Mud: Pumps; pertosating and bullet perforat- openers, reamers, casing scrapers 
Petroleum Equipment and Supphes. , ing. packers and bridging plugs. and Neo-Red rubber stabilizers. 








CGLARK 


CLARK BROS. CO., Olean, New 
York—Gas turbines, engines, and 
reciprocating, centrifugal and 
axial flow compressors — gas, 
steam, electric and diesel driven. 


DRESSER 


MANUFACTURING 
DiVisten 


DRESSER MANUFACTURING 
, Bradford, Pa. — Pipe 
line couplings. pipe repair sleeves 
and clamps, weidments and forg- 
ings, welding fittings, flanges, rings. 


put the DRESSER plus+to work 


The Dresser Plus pis the extra plus value the Dresser Plus % wherever and whenever 
you get when you are served by any one of possible. No other single company provides the 
the Dresser Industries. Operating independ- same broad range of superior products and 
ently to assure individual attention to your services. Dresser equipment and services are 
specific needs, these Dresser companies work the standard of comparison ...the world over! 
together to provide a versatile group of re- 
search, engineering and manufacturing services. 


Dresser pays tribute to the many achieve- 

ments of the great oil, gas and chemical indus- 
tries ... achievements that call for increasingly GSielee 

high standards in field and plant equipment 
STRIES, INC. 


and services. Always striving to pace these b 
exacting demands, Dresser constantly amplifies d ! ND CHEMICAL EQUIPMENT 


DALLAS 21, TEXAS 





Uct. 20-21 in Los Angeles 





FINAL PROGRAM for SOUTHERN CALIFORNIA MEETING 


THURSDAY, OCT. 20 


8:30 a.m. to 5:00 p.m. — Registration and Exhibits — 
Lobby, Biltmore Hotel Ballroom. 


9:15 a.m.— Welcoming Address — Chairman of 
Southern California Petroleum Section, 
H. M. Stanier, Sunray Mid-Continent Oil 
Co. 


9:20 a.m. to 11:30 a.m. — PROGRESS SESSION 
Chairmen: Sam A. Barclay, Humble Oil & Re- 
fining Co. 

Floyd E. Schoonover, Monterey Oil Co. 

9:20 a.m. — 562-G: “Application of Hydraulic Frac- 
turing to California Formations,” VER- 
NON R. YOUNG, Halliburton Oil Well Ce- 
menting Co. 
Although it was first thought California sedi- 
ments were not suitable for fracturing, the in- 
crease in the yearly rate of wells being frac- 
tured indicates a more popular acceptance. In 
general, the volume of injected sand per well 
has increased as has the additional production. 

9:55 a.m. — 563-G: “Well Stimulation by Hydraulic 
Fracturing in California,” JAMEs Il 
Bowan, Shell Oil Co. 
The results of a technique relatively new in 
well production stimulation in California are 
discussed and analyzed. Significant data are 
presented and are based on the records of an 
organization having the greatest number of 
formation fracturing jobs in California. 

10:30 a.m. to 11:10 am. — FORMATION FRAC- 
TURING FORUM 
Presented as a Case History, each paper in 
the following session generalizes the field, 
geology, and production characteristics and 
details the casing design, why well was selec- 
ted, production characteristics of the well be- 
fore and after Hydrafrac, method of Hydra- 
frac used, materials used and amounts, how 
job was conducted, and equipment used on 
the job. The success and further application 
of Hydrafrac in the area are also discussed. 

10:30 a.m. — 564-G: “Fracturing the Basement Com- 
plex,” W. M. STADTMILLER, Monterey Oil 
Co. 


10:40 a.m. — 565-G: “Response of a Cretaceous Sand 
to Hydrafrac,” R. E. Cory, The Texas 
Co. 


10:50 a.m. — 566-G: “Injecting 1,300 Sacks of Sand 
into a California Formation,” G. V. 
KERSTEN, Western Gulf Oil Co. 


11:00 a.m. — 567-G: “Application of Vertifrac through 
a Perforated Liner,” J. D. LUNG, Conti- 
nental Oil Co. 


11:10 a.m. — Audience Participation — Questions are 
written on cards previously distributed to 
audience and are answered by person to 
whom question is directed. 


12:00 m. — Petroleum Sections Luncheon and An- 
nual Business Meeting 
Luncheon Speaker: Robert B. Gilmore, 
De Golyer and MacNaughton, Petroleum 
Branch Chairman 


2:00 p.m. to 5:00 p.m. — PETROLEUM SESSION 
Choirmen: Francis J. Barker, Union Oil Co. 
Ronald H. Newman, long Beach Oil 
Development Co. 

2:00 p.m. — 568-G: “The Shifting Center of Petro- 
leum Production,” GRAHAM B. Moony, 
Petroleum Consultant 
Historically, the center of oil production has 
shifted from Pennsylvania, to Oklahoma, to 
Texas, to California and back to Texas again. 
In recent years new and widely separated areas 
have come into the limelight. What has been 
their effect on the “The Shifting Center of 
Petroleum Production” ? 

2:35 p.m. — 569-G: “Economics of Supplementing 
California Production with Crude Oil 
Imports,” RUSSELL B. BRown, Independ- 
ent Petroleum Association of America 
Crude oil imports into California are consid- 
ered by some to be injurious to the California 
oil industry. Here is given an insight into the 
economics of importing crude oil to supple- 
ment domestic production. 

3:05 p.m. — 571-G: “An Evaluation of Gas Injection 
in the Emery West Pool, West Coyote 
Field, California,’ SHELDON F. CRaD- 
pock, Standard Oil Co. 
Current indications are that gas injection in 
the Emery West Pool, West Coyote field, 
should result in the recovery of 50 per cent 
more oil and 200 per cent more liquid prod- 
ucts than would have been recovered by nor- 
mal depletion. 

3:40 p.m. — 572-G: “A Lightweight, Low Water-Loss, 
Oil Emulsion Cement for Use in Oil 
Wells,” G. K. DUMBAULD, F. A. BROOKs, 
Jr., B. E. MORGAN, and G. W. BINKLEY, 
Humble Oil & Refining Co. 
Developments in the permanent-type well com- 
pletion have shown the need for a cement 
with a low water loss. Cements in oil-in-water 
emulsions with calcium lignosulfonate have 
good water loss characteristics as shown in 
laboratory and field tests 


FRIDAY, OCT. 21 


8:30 a.m. to 4:30 p.m.—Registration and Exhibits— 
Lobby, Biltmore Hotel Ballroom 


9:00 a.m. to 11:45 a.m.— THE ENGINEER SES- 
SION 


Chairmen: Nick van Wingen, Petroleum Consult- 
ant and professor at University of 
Southern California 
Fred C. Stolz, Continental Oil Co. 


9:00 a.m. — 573-G: “Development of the Sansinena 
Field, California,’ C. F. BowpeEn, J. T. 
LEDBETTER, V. S. Moyer, Union Oil Co. 
The Sansinena field is an example of how a 
modern oil field can be developed in the cen- 
ter of a rapidly growing community and still 
keep good public relations and not devaluate 
the land. The drilling, production and geolog- 
ical data are also presented. 
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9:30 a.m. — 574-G: “A Study of the Network Model 
of Porous Media,” 1. Fatt, University 
Southern Calif. (California Research 
Corp.) 
A network of tubes more closely resembles a 
porous media than does a bundle of tubes. 
Using the network of tubes the effects of pore 
size distribution and network structure on rela- 
tive permeability and resistivity index are 
then demonstrated. 

10:00 a.m. — 534-G: “An Analog Computer for Study- 
ing Heat Transfer During a Thermal Re- 
covery Process,” L. C. VoGEL and R. F. 
KRUEGER, Union Oil Co. 
An electrical analog computer has been de- 
signed to solve non-steady heat conduction 
problems in an extensive radia! formation con- 
taining a moving source. It will be used 
primarily as a model to study the thermal 
secondary recovery of reservoir oil. 

10:30 a.m. — 575-G: “An Evaluation of Bottom-Hole 
Heating on Well Performance,” T. S. 
MELBY, Shell Oil Co. 
Three different types of bottomhole oil well 
heating systems have been tried and all equally 
successfully stimulated production. The com- 
parison is based on economic factors. The pay- 
out of heaters is so attractive that many low 
gravity stripper wells may be brought back to 
life. 

11:00 a.m. — 576-G: “Comparison of Pressure Distri- 
bution During Depletion of Tilted and 
Horizontal Reservoirs,” D. S. Howarp, 
Jr., and H. H. RAcHForp, Jr., Humble 
Oil & Refining Co. 
A comparison is made between the conven- 
tional method of predicting pressure distri- 
bution during the depletion of a tilted reser- 
voir and the mathematically rigorous method. 
Results show that except in extreme cases the 
simple conventional method is satisfactory. 

12:00 m. —AIl Sections Luncheon — Luncheon 
Speaker: Harrison S. Brown, Professor of 
Geochemistry, California Institute of 
Technology 


2:00 p.m. to 4:30 p.m. — LOOKING AHEAD SES- 
SION 


Chairmen: Mortimer A. Kline, Petroleum Lawyer 
Richard A. Holman, Amerada Petro- 
leum Corp. 

2:00 p.m. — 577-G: “The New Law for California's 
Offshore Oil Development,” THomMas C. 
Moroney, Honolulu Oi! Corp. 
Federal legislation passed in 1953 confirmed 
California’s claim to ownership of a 3-mile 
offshore belt. In 1955 the California legisla- 
ture passed the Cunningham-Shell Tidelands 
Act under which certain offshore acreage can 
be explored and developed. 

2:30 p.m. —578-G: “Preparing to Drill Offshore in 
300 Feet of Water,” J. N. Grecory, 
Terminal Drilling and Production Co. 
Although the steep offshore slopes of Califor- 
nia present a serious problem in regard to 
drilling, the Peristyle Offshore Drilling Plat- 
form discussed is designed to meet the criteria 
imposed by marine exploration and develop- 
ment opervations. 

3:00 p.m. — 579-G: “Contract Drilling in Foreign 
Countries,” J. D. Rosinson, Santa Fe 
Drilling Co. 
Contract drilling in foreign countries has been 
gaining momentum in recent years. Foreign 
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discoveries, particularly in the Middle East 
and South America, have attracted consid- 
erable investment on the part of American oi! 
companies. What about contract drilling? 


3:30 p.m. — 580-G: “How to Get Ahead, Engineer,” 
W. C. STEVENSON, Union Oil Co. 


In order to make progress, an engineer should 
size up his situation, plan on his career, work 
on the plan, and then appraise his actions. He 
should look ahead a step at a time, and de 
velop practical judgment and a long range 
prospective. A vice-president thinks out loud 
concerning the engineer. 

4:00 p.m. — 581-G: “An Oil Man Looks at Atomic 
Energy,” A. H. CHAPMAN and J. T. Duce, 
Arabian American Oil Co. 
In what specific spots in the energy pattern 
will atomic energy compete with oil? Will the 
increased demand for energy in the world 
permit a full scale development of atomic 
energy and at the same time permit continued 
and prosperous operation within the petroleum 
industry? 

7:30 p.m. — Southern California Petroleum Section 
Dinner-Dance—Biltmore Hotel Ballroom 

ke 








OFF THE PRESSES — 


Volume 9 covering 1954 


STATISTICS of OIL and 
GAS DEVELOPMENT 
and PRODUCTION 


Published by the Petroleum Branch, 
AMERICAN INSTITUTE of MINING and 
METALLURGICAL ENGINEERS, INC. 

552 pages, 8% by 10% in., bound in standard 
AIME dark red cover 


— Price — 
$5 to AIME Members $10 to Non-Members 


ORDER FORM 


Order now from: American Institute of Mining 
and Metallurgical Engineers; 29 West 39th Street; 
New York 18, N. Y. 


Please send_______copies of STATISTICS OF 
OIL AND GAS DEVELOPMENT AND PRODUC- 


TION, VOLUME 9, COVERING 1954. 
Enclosed is payment of $__-_--———.-~Please 


bill me_ 


(AIME Non-members please enclose remittance 
with order) 
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CHAIRMEN for SOUTHERN CALIFORNIA FALL MEETING 


H. M. Stanier 


Sam Grinsfelder 
Union Oil Co. 


Since the last Petroleum Branch 
AIME meeting in California, the 
Pacific Petroleum Chapter has 
changed names and become the 
Southern California Petroleum 
Section. The chairmen pictured 
on this page, along with their as- 
sistants, have insured that no 
change has taken place in the 
high caliber of California’s an- 
nual meeting. They have planned 
a 20-paper technical program, 
and they are expecting one of the 


Sunray Oil Corp. 
Chairman 
So. Calif. Pet. Section 


largest crowds in the history of 


General Chairman the meeting. 


M. J. Taves 
Richfield Oil 
Treasurer 
So. Calif. Pet. Section 
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Chairman 
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Director 


gal 
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Arrangements 
& Registration 


F. J. Barker 
Union Oil Co. 
Presiding 
Chairman 


F. E. Schoonover 
Monterey 
Technical Program 


J. D. Hughes 
Lane-Wells 
Dinner-Dance 


tonald H. Newman 

Long Beach Oil 
Presiding 
Chairman 
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H. D. Aggers, Jr. 
Union Oil Co. 
Exhibits 
Chairman 


S. A. Patterson 
Bankline Co. 
Advisor 


N. van Wingen 
Univ. of So. Calif. 
Presiding 
Chairman 
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In “Sergeant Friday’s City” 





SIX HUNDRED EXPECTED for CALIFORNIA FALL MEETING 


On the morning of Oct. 20th more 
than 600 petroleum engineers, sprin- 
kled among 300,000 commuters, will 
head for Los Angeles. They will tool 
along superhighways through orange 
groves, strawberry patches, moun- 
tain passes, and 1,000-acre housing 
developments to the heart of Ser- 
geant Friday’s City. There, most will 
park in a six-story underground ga- 
rage across the street from their 
destination, the Biltmore Hotel. 

The occasion for this gathering 
will be the AIME Southern Cali- 
fornia Petroleum Section’s Annual 
Fall Meeting at the Biltmore, Oct. 
20-21. This year, for the first time 
both the Mining and Metals Branches 
of the Institute will join the Petro- 
leum section in putting on the affair 
and these groups will have separate 
technical sessions running during the 
period of the Meet. Also participat- 
ing is the San Joaquin Valley Petro- 
leum Section from Bakersfield, across 
the mountains. 


PAUL H. JAMISON 
MEMBER AIME 


KOBE, INC. 


The program planned for Petro- 
leum sessions is expected to attract a 
record turnout of engineers plus con- 
siderable attention from others in- 
side and outside of the oil industry. 
In addition to technical papers of 
new and original work, the program 
includes several papers of general 
interest such as A. H. Chapman’s 
and J. T. Duce’s “An Oil Man 
Looks at Atomic Energy,” T. C. 
Moroney’s “The New Law for Cali- 
fornia’s Offshore Oil Development,” 
and W. C. Stevenson’s “How to Get 
Ahead, Engineer.” 

The Metals Branch Meeting, led 
by Chairman Pol Duwez, will hold. 
a symposium Oct. 21 on the educa- 
tional requirements for metallurgists. 
The morning session will be con- 
ducted by prominent educators and 
the afternoon session by leading in- 
dustrialists. On Friday, Oct. 21, 
there will be a symposium on “Pre- 
cipitation Hardening of Stainless 
Steels” with sessions divided between 
spokesmen for suppliers and users. 


HUNTINGTON PARK, CALIF. 


The Mining Branch program, un- 
der Chairman Lauren Wright, will 
present eight papers of general in- 
terest during the two-day meet. There 
is scheduled a separate paper on 
production and use of each of the 
following minerals—manganese, lith- 
ium, refractory quartzite, quicksil- 
ver, and calcium chloride. The ses- 
sions also include two papers on 
uranium. 

At noon, Oct. 20, the Petroleum 
Section will ho!d a luncheon and 
for this affair Petroleum Branch 
Chairman, Bob Gilmore will be the 
speaker. On Oct. 21 there will be 
an all Sections luncheon with Har- 
rison S. Brown, professor of geo- 
chemistry at California Institute of 
Technology, as speaker. To cap the 
annual meeting Friday night there 
will be a cocktail party, dinner, and 
dance soiree at the Biltmore. Ad- 
vance table reservations are being 
made and are available from James 
Hughes, Lane-Wells Co., P. O. Box 
2194, Terminal Annex, Los Angeles 
54, Calif. 


EXHIBITORS’ GUIDE for BOOTHS and LOUNGE AREAS 


Exhibitor 
Baker Oil Tools, Inc. 


B & W, Inc., and Pacific Perforating Cc oO. 


Baroid Div., National Lead Co. 


Black Light Corp., Ultra Violet Products 


Co., Fisher Research Laboratories 


Byron Jackson Div., napa wey Corp. 


Dale Co. . . , 
D’Arcy Co., 

Emsco Mfg. hn 
Engineers Syndicate, Ltd. 
Erb & Gray 


Fisher Research Laboratories, Ultra Violet 


Products Co., Black Light _ 

Ford Alexander Corp. gies ios 

Formation Logging Service Co. . 
(Peters Logging Service) 

Frost Engineering Service and 
Plicoflex, Inc. ; 

Halliburton Oil Well Cementing Co. 
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Booth Number 


Kobe, Inc. . . 
Lane-Wells Co. 


Macco Corporation . 


Houston Oil Field Material Co., Inc., 

of California By ag ; 
Hydril Co. ‘ Ac i 
Johnston Testers, Inc. eee. 4 a eas 4 


Ken Corporation . 


25 
Lounge 


Lounge 
24 
14 

Lounge 


McCullough Tool Co. . . 20 
Pacific Perforating Co. and B & wW, Inc. 3 


Petroleum Technologists, Inc. 


Lounge 


Plicofiex, Inc., and Frost Engineering 


Service 


Lounge 


Rapid Blue Print Co. F Te ae 6 


Regan Forge & Engineering Co. ae ae l 


Schlumberger Well mera “— 


Superweld Corp. . 


. Sinker Bar 
12 


Technic Berwin Gane ie 22 


Tretolite Co. of California 
Willis Oil Tool Co. 


Lounge 
Lounge 
kkk 





Earl M. Kipp, Jr., California Co., Welcoming Luncheon 
Chairman for Fall Meeting, speaks at that affair. Those 
at head table look on. 


Before Welcoming Luncheon, discussion takes place be- 
tween Carl E. Reistle, Jr.. Humble, AIME President-Elect; 
Henry F. Holland, Assistant Secretary of State for Inter- 
American Affairs, Welcoming Luncheon Speaker, and H. 
DeWitt Smith, AIME President. 


Fall Meeting in New Orleans Has Record Attendance 


Another record-breaking attendance of over 2,500 The Petroleum Engineering Society of AIME. He 


persons was set at the Petroleum Branch Fall Meeting 
in New Orleans, Oct. 2-5. The attendance of nearly 800 
ladies was most important in setting this new record. 

Once again the delegates worked hard and played 
hard at the 30th annual meeting. Forty-eight technical 
papers provided the intellectual challenge throughout 
the day, and gay social affairs offset the work each 
night. 

At the well-attended Membership Luncheon on Oct. 
4, AIME President H. DeWitt Smith discussed the pos- 
sibility of renaming the Petroleum Branch to become 


AIME President-Elect Carl E. Reistle, Jr., Humble, talks 
with other prominent AIME personalities at Fall Meeting. 
Left to right are: T. C. Frick, Atlantic, Petroleum Branch 
Chairman-Elect; Reistle; R. B. Gilmore, DeGolyer & 
MacNaughton, Petroleum Branch Chairman: E. O. Kirk- 
endall, AIME Secretary. 


40 


talked of other changes which might be in order dur- 
ing his talk on “Where is AIME Going?” At this 
luncheon R. B. Gilmore, Petroleum Branch Chair- 
man, talked on Petroleum Branch progress during the 
past year. 

A near-capacity attendance heard Henry F. Holland, 
Assistant Secretary of State for Inter-American Affairs, 
speak on “The Role of Private Investment in the Eco- 
nomic Development of Latin America” at the Welcom 
ing Luncheon on Monday, Oct 

R. W. TAYLOR 


Waiting for a technical session to start are, left to right, 
J. W. Winfrey, Humble, Houston; Morris Seydell, Seydell 
Operating Co., Wichita Falls; Joseph Saxon, Jr., Ryder- 
Scott, Wichita Falls; John Walker, Shell, Houston; R. C. 
Granberry, Jr., Humble, Houston. Photographs through 
courtesy of Dresser Industries, Inc. 
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October 27-28, 1955. 





FINAL PLANS MADE for HOUSTON 
FORMATION EVALUATION SYMPOSIUM 


Sponsors of the two-day Formation Evaluation Sym- 
posium to be held in Houston on Oct. 27-28 are ex- 
pecting a full house at the 1,800-seat Ezekiel Cullen 
Auditorium for all technical sessions. Fourteen papers 
will be given during the symposium at the University of 
Houston. 


General A. D. Bruce, president of the University of 
Houston, will give the address of welcome at the open- 
ing session of the symposium. John R. Suman will 
give the keynote address opening the second session 
of the meeting. Sessions will start each morning at 
8:30, each afternoon at 1:30. 


Sponsors of the event are the Gulf Coast Section 
AIME, University of Houston Student Chapter AIME, 
and the Dept. of Petroleum Engineering of the Uni- 
versity of Houston. 


The Formation Evaluation Symposium is the cul- 
mination of year-long Gulf Coast Section AIME Study 
Group activity. Although the study group meetings 
emphasized specific Gulf Coast problems, the sympo- 
sium has been broadened to cover other geological 
areas. Notably, limestone reservoirs, Wilcox, Vicks- 
burg flexure trend, thin-bed, and salt mud logging 
topics are included along with normal and shaly-sand 
problems of the Gulf Coast. 


An equipment display of formation evaluation equip- 
ment will be set up in the parking lot adjacent to 
the Ezekiel Cullen Auditorium and will be on view 
during the two-day period. 


Papers on the symposium program have been se- 
lected so that their compilation will represent a nearly 
complete brochure on formation evaluation. The Petro- 
leum Branch office is now compiling all papers into 
a single booklet which will be distributed at the meet- 
ing. All papers will contain some treatment of pos- 
sible future development and application. Presentation 
time will be 25 minutes for each paper, and 15 min- 
utes will be allowed for discussion. 


First day papers will include advantages of certain 
evaluation techniques together with limitations and 
where applicable, examples using specific field appli- 
cations will be included. Typical well completion fluids 
will be noted. 


Subject matter for the second day papers will cover 
overall evaluation to include methods other than log- 
ging; drilling, coring, and testing programs; and rec- 
ommended formation evaluation programs for the areas 
covered. 


Registration fee for the meeting is $5.00, and ad- 
vance registration is encouraged. Visitors should plan 
to make reservations directly with hotels or motels of 
their choice. 
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PROGRAM 


THURSDAY, OCT. 27 


Fundamental Problems in Formation Evaluation by Nor- 
man J. Clark and John Shearin, Core Laboratories, Inc 
Fundamental Theory and Instrumentation of Electric 
Logging by I. L. Roberts, Schlumberger Well Surveying 
Corp. 

Fundamentals of Quantitative Analysis of Electric Log 
Interpretation by R. H. Winn, Halliburton Oil Well 
Cementing Co. 

Electrical Log Interpretation of Gulf Coast Sands by 
M. P. Tixier, Schlumberger Well Surveying Corp. 
Fundamental Theory and Instrumentation of Radioactiy 
ity Logging by E. R. Atkins, Jr., Union Oil Co. of 
California 

Mud Analysis Logging by R. W. Wilson, Baroid Sales 
Div. 

Core Analysis by Ben Elmdahl, Consultant 

A Review of Drill Stem Techniques and Analysis by 
Marshall Black, Humble Oil and Refining Co. 


FRIDAY, OCT. 28 


Formation Evaluation of Felix Jackson No. 40 Well 
Frio Formation, Oyster Bayou Field, Chambers County 
Texas by C. R. Glanville, Sun Oil Co. 

Formation Evaluation of La Gloria and _ Seeligson 
Fields, Brooks and Jim Wells Counties, Texas, by L. D 
Wooddy, Jr., and H. T. Wright, Humble Oil & Refin 
ing Co. 

Formation Evaluation of Some Limestone Reservoirs 
With Particular Reference to Well Logging Techniques 
by E. E. Finklea, Amerada Petroleum Co. 

Electrical Logging in the Quinduno Field by J. D 
Owens, Phillips Petroleum Co. 

Petrophysical Analysis of Some Wilcox Wells by S. M 
Paine, Shell Oil Co. 

An Integrated Summary of Formation Evaluation Cri 
teria by C. V. Kirkpatrick, University of Houston. 


The organization committee for the Symposium is 
composed of: J. D. Clark, Union Oil Co. of California, 
general chairman; C. B. Scotty, The Texas Co.; J. W 
Walker, Shell Oil Co.; Johnny Shearin, Core Labora- 
tories, Inc.; T. O. Allen, Humble Oil & Refining Co.: 
and C. V. Kirkpatrick, University of Houston. 

Committee chairman are: C. V. Kirkpatrick, program: 
L. B. Lipson, University of Houston, arrangements; 
H. M. Krause, Humble, and Guy H. Johnston, consult- 
ing engineer, registration; R. R. Rieke, Schlumberger, 
publicity; George R. Gray, Baroid, publication; R. E 
Bush, Lane-Wells Co., exhibits; and T. O. Allen, Hum- 
ble, advisory. wie 





Discuss your 


DESALTING problems 
with an KX PERT 


Trained, experienced engineers from Humble’s 
Technical Service Division are at your service. A letter, 
telegram or telephone call will bring one of them to 
your refinery for a study of your desalting problem 
and a specific recommendation for its solution. 


Humble’s Breaxit Desalting Chemicals are out- 
standing . . . the result of years of specialized study 
and experimentation by a company that has problems 
similar to your own. 


Specifically, Breaxit Desalting Chemicals: 


Help you get maximum refinery runs .. . 
Save you money by increasing output 
and efficiency .. . 


Extend equipment life . . . 
Make for safer operation. 


Breaxit 


DESALTING CHEMICALS 
Manufactured and sold by: 
HUMBLE OIL & REFINING COMPANY 





STATISTICS VOLUME 
PUBLISHED 


The AIME Statistics volume 
covering 1954 is now off the 
presses and may be ordered for 
immediate delivery. An order form 
is available on page 37 of this is- 
sue. 

This annual volume, Statistics 
of Oil and Gas Development and 
Production, is available at an 
earlier date than in previous years. 
It contains 552 pages of compre- 
hensive statistical data on virtually 
every hydrocarbon-producing area 
in the world. A special price is of- 
fered for AIME members. 











AUTHORS 


(Continued from Page 32) 


WILLIAM F. HANEY, JR., was a 
May, 1955, graduate of Texas A&M 
College with a BS in petroleum en- 
gineering. He worked for the Texas 
Petroleum Research Committee while 
at A&M, and at present he is in the 
pilot training program of the U.S. 
Air Force. He has had summer ex- 
perience as a roustabout with Shell 
Oil Co. and with National Geophys- 
ical Co. 


W. L. Hammer, center, retired 
mining engineer of Corpus Christi, 
is awarded the AIME Legion of Honor 
certificate by leaders of the South- 
west Texas Local Section. H. N. Lyle, 
Renwar Oil Corp., makes the presen- 
tation as Section Chairman R. E. 
Warner, Forest Oil Corp., looks on. 
Hammer received the certificate for 
having been a member of AIME for 
50 years. The 80-year-old engineer 
is one of 180 recipients of this award 
from AIME. Upon receiving the 
award, Hammer observed about 
AIME, “It has furnished me with a 
major portion of my useful informa- 
tion.” 








Durable and 
Dependable 


GUIBERSON’S 
/ PACKERS 


Here is the retrievable packer that operators 
everywhere count on for rugged durability and 
dependable performance. The KV Packer is de- 
signed for wells up to 12,000 feet deep. Construc- 
tion is as simple as it is tough and husky — price 
is reasonable. In short, the KV Packer gives you 
more packer for the money — quick setting, easy 
pulling, ample bypass and positive seal. 








e Made as the KV30 with 30” valve stroke or 
the KV8 with 8” valve stroke for standard 
below-packer circulation. Available in casing 
sizes, 442” through 954”. 


Valve has two independent sealing elements, 
a tapered metal valve and seat and a set of 
oil-resistant seal rings, affording double-sealed 
protection. 


Choice of two types of rubbers, both made of 
special oil and gas resistant compound. Will 
not vulcanize to casing — recovers original 
shape when released. 


Easy operating jay-hook type latch with heat 
treated friction springs. 


Two-piece G2 rubbers with 
metal spacer are interchange- 
able and optional at no extra 
cost. One-piece sleeve rubber 
shown on packers furnished un- 
less otherwise specified. 








While we don’t exactly “throw” data at the client, per- 
haps you'll be agreeably surprised to learn how much 
faster our Special Core Analysis Studies Section can turn 
out relative permeability to oil, gas, and water information 
than was possible only a few months ago. 


The combination of Core Lab’s nineteen years’ experience 
in commercial core analysis with techniques advanced by 
major company experiments has resulted in a neat reser- 
voir engineering double play. 


The development of relative permeability data which 
ordinarily took weeks can now be completed in a matter 
of days . .. without loss of accuracy and at considerably 
less cost. 


At 801 Core Street, Dallas, you'll find an unusual array 
of modern equipment and up-to-date technology being 
applied in the solution of an equally interesting variety 
of formation evaluation problems. 


There is no stalemate in Core Lab service. Where routine 
core analysis operations of 31 field labs end, Special Core 
Analysis Studies begin — relative permeability, resistivity, 
capillary pressure, water flood susceptibility, restored state 


flood, and other special projects at the industry’s request. 


SPECIAL CORE ANALYSIS STUDIES SECTION 


CORE LABORATORIES, INC. 


! CORE sTrearee st, DALLA &, 


TEXAS 


DALLAS. HOUSTON. CORPUS CHRISTI. MIDLAND, ABILENE. SAN ANTONIO, TYLER, TULSA, FORT WORTH. WICHITA FALLS, SHERMAN, OKLAHOMA CITY, 
ARDMORE, BARTLESVILLE, PAMPA. ARKAR“4S CITY, GREAT BEND. NEW ORLEANS, SHREVEPORT. HATTIESBURG. LAFAYETTE, DENVER, BAKERSFIELD 
CASPER. BILLINGS, WORLAND. STERLING, EL DORADO, LUBBOCK, FARMINGTON. LOVINGTON, MONAHANS. SAN ANGELO. CALGARY. EOMONTON, REGINA 





DST ABBREVIATED SUCCESSFULLY 
By Halliburton's 
HYDRO-SPRING TESTER 


One of many reasons why 


Halliburton’s Best In Drill Stem Testing! 
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lime-saving simplicity ... the long-sought dream of drill stem testing... 

is realized successfully with Hydro-Spring. Its fast, easy, consistently 

smooth operation has repeatedly set the record for mechanically perfect 

performance. 

These are the features of Hydro-Spring that abbreviate the DST: 

e /t opens simply by slacking off weight of drill pipe. 

e /t gives positive indication at surface when tool opens. 

¢ /t allows time delay for packer expansion before opening. 

e Its locked open by-pass aids in easy, rapid descent of string, helps 
eliminate damage to formation and packer. 

e It permits easy reading of initial hydrostatic mud weight. 

¢ It's a combination tool that requires fewer assemblies. 


Important though Hydro-Spring is, there are still more reasons why 
Halliburton’s best for your drill stem test. A big one is the Bourdon Tube 
Pressure Recording Device that now gives Initial and Final Closed-In 
Pressures, which can be used with mathematical equations and formulas 
for reservoir evaluation. 

A little talking time now with your Halliburton Testing operator will 
save you rigtime and money on your next test. Just phone the local or 
district office of the Halliburton Oil Well Cementing Company. 
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“ABSOLUTE 
CALIBRATION 
STANDARD” 








$a = 
. : ‘The technical story of this is PGAC development 
| , _ is too complex to present here. But you are wel- 
“ogres thalguch repeatability —both *- come to write for the complet and fully illus- 
B sucnsnctiody and graphically — trated article “Quantitative Evaluation.” This 
speaks for itself? That's why so report will be gladly sent to you free of charge, 
“many operators say: “If you’re over -- and without obligation of any kind. Be sure and 
oil, PGAC always gets more of it, write our Houston office today. We'll be looking 


‘and at less cost!” for your request! 


D> PERFORATING GUNS ATLAS CORPORATION 


Houston, Texas Telephone: JAckson 9-4161 : 
General Offices and Main Plant: 7730 Scott Street — Sales Office: Melrose Building 









35 PGAC OFFICES ALWAYS READY TO SERVE Y CALL THESE 1 
TEXAS: Houston, JA-9-4161 — Corr hristi, TU-3 24 f } * ! PL-9-44 
Gainesville, HO-5-2501 Ode 6-6428 Be 

LOUISIANA: Shreveport, 3-1648 Loke Charles 9.472 e 2396 
OKLAHOMA: Oklahoma City, CE-2-5342 Pauls Valley 577 - 2938 - ealdt 17 


AFFILIATE COMPANIES: CANADA ~— Perforating Guns of Canada, Ltd.; Edmonton, Alberta 
j GERMANY ~— Atlas Deutsch- Amerikanische Olfelddienst G. m. b. H.; Kiel VENEZUELA — Servicios Tecnicos Atlas, C.A., Caracas 





A completely new BAKER 
WALL SCRATCHER 


that removes mud cake effectively... 
but only from the area to be cemented 
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Rugged and... 








MODEL “’C’’ 


SOLID-RING 


PRODUCT NO. 901-C 





extra strong 





Controlled Scratching— Baker Model “C” 
Wall Scratchers really remove mud cake, but 
only from the area to be cemented. 

The vital and expensive filter cake built up 
on areas Outside of the cementing area is 
left practically undisturbed. 


Greater Efficiency—Double row of wires, overlapped for 
added strength, provide more scratching points for 

more efficient removal of mud cake and complete coverage 
of the 360° surface of the well bore. 


Greater Strength—Ruggedly built to deliver 
maximum performance. Double shel! for 
added thickness and strength. Double ridges 
formed in shell for added rigidity. 

Hinge in Hinge-Lok Model, which is formed as 
part of inner shell, is backed up and given 
greater strength by outer shell. 


Two-Ranges Available—Two wire lengths for each casing 
size. 4¥2” length (C-45) for normal clearance programs; 
2%” length (C-25) for “slim hole” clearances. 


BAKER OIL TOOLS, INC. HOUSTON * LOS ANGELES * NEW YORK 


Contact your nearest Baker Representative 
or write today for further information about. . 





How Controlled Scratching Works: 


As the casing is run down the hole the Scratcher Wires 
lay nearly flat against the casing and thus leave the 
expensive and vital filter cake built up on areas other 
than the cementing area virtually undisturbed. 


Lifting the casing out of the slips does NOT activate the 
Scratcher Wires since the Scratcher remains stationary 
due to the approximate three-foot interval between 
stop rings. 


When the casing is raised a distance greater than the 
spacing between the stop rings during the scratching 
operation, the Scratcher Wires engage the formation 
and scratch to remove mud cake. 
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WALL SCRATCHERS 





After 


THE PAY IS 


LOCATED 


Today, in many areas, operators who ask 
Lane-Wells that question are getting the 
answer—and getting it right. For Lane-Wells’ 
QUANTITATIVE INTERPRETATION of 
Radioactivity Well Logs, wherever formation 
responses permit such interpretation, are provid- 
ing estimates of reservoir potential which have 
been proved to be sufficiently accurate for all 
commercial purposes. The value of such data 
to men charged with the responsibility of planning 
production for maximum recovery can 

hardly be overestimated. 


This service is being extended to other 
areas as rapidly as new or improved 
techniques are proved reliable and 
as sufficient other down-hole infor- 
mation is obtained and correlated 

to produce trustworthy results. 

Your Lane-Wells man can 

give you full information 

on the possibilities of 
QUANTITATIVE 
INTERPRETATION 

in your area and its 

value to your operations. 


Tomowows Toole— Toclay /. 


FP ~ 


QUANTITATIVE 
INTERPRETATION 





General Offices, Export Office, Plant * 5610 So. Soto St., Los Angeles 58 


LOS ANGELES * HOUSTON «+ OKLAHOMA CITY © LANE-WELLS CANADIAN CO. IN CANADA « PETRO-TECH SERVICE CO. IN VENEZUELA 
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MATERIAL BALANCES in EXPANSION TYPE RESERVOIRS 
above BUBBLE POINT 


MURRAY F. HAWKINS, JR. 
MEMBER AIME 


INTRODUCTION 


One problem of reservoir engineering is the early 
estimation of the size of newly discovered reservoirs. 
Often these reservoirs are the expansion type in which 
sizeable pressure drops occur incident to the production 
of small fractions of the oil reserve, above the bubble 
point, and a material balance equation may be solved 
to find the reserve. 


The early form of this equation’ considered only the 
compressibility of the oil. Later Hall’ showed that the 
compressible nature of the formation rock is a signif- 
icant factor in production above the bubble point, and 
he presented a new equation which includes a forma- 
tion (rock) compressibility term. 

This note presents a further extension of the mate- 
rial balance equation as applied to volumetric, unsat- 
urated reservoirs above the bubble point by including 
a term for the presence and compressible nature of the 
interstitial water. 


DERIVATION OF EQUATION 


During a decline in average reservoir pressure, Ap 

= p, — p, the initial reservoir volume V,, will decrease 
to some value V, due to the reduction in pore volume 
as a result of a decline in the hydrostatic pressure with- 
in the formation, and 

a ee D 
The formation compressibility c, is expressed in terms 
of change in pore volume per unit pore volume per psi. 
Simultaneously the connate water within the formation 
expands from an original volume lV, S.V,,; toa 
new volume V,,, 

V. = SV». (1+ ceAp] . 5 hae 
The difference [V, — V,] is the hydrocarbon pore vol- 
ume at pressure p and may be equated to the volume 
of the remaining oil, or 





1References given at end of paper. 
Manuscript received in Petroleum Branch office on May 4, 1955. 
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[N N,) B. = V,, [1 crAp]| 
[1 T Cw Ap . . ° ° e } ‘ 5 { 3) 


But the initial oil in place in terms of the initial res 
ervoir volume, connate water, and formation volume 
factor is 


Vn [Ll — Sw] 
B,, 


N = 


Dividing Equation 3 by Equation 4 eliminates V, 
give, 
N= Ny _ Ueda) = Sell + nde) Be 
N (1.8) ys 
Now defining the oil compressibility with reference to 
the formation volume factor at the lower pressure gives 


B, o B,, B,, 
Cc, = ——— or — = [l echo (6) 

B,Ap B, 
Introducing this equivalent of [B,;/B.] in Equation 5, 
then expanding the expression, and finally dropping al! 


(5) 


\p’ terms, because they contain the product of two 
compressibilities, each of the order of 10°, the follow 
ing equation solved for N is obtained. 


{1 — Sw] N, 


[ce + Co— Su (C. — Cw) IAP 
Where the formation and interstitial water compressibil- 
ities are neglected, i.e. set equal to zero, Equation 7 
reduces to the earliest form of the equation, 
n= tigre ge led aM adliraallall 5 
CAP 
Where S, = 0 in Equation 7, the equation presented 
by Hall is obtained. 


N= Np eee ee ee «ae 


[ce + c.JAp 
Finally, a slightly different form is obtained including 
the interstitial water but neglecting the compressibility 
of the water. 


(7) 
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OIL, WATER, AND FORMATION 
COMPRESSIBILITIES 


Standing’ presents methods for calculating pseudo 
liquid densities of hydrocarbon systems and states that 
the compressibility of these hydrocarbon liquids below 
300° F can be assumed to be a function of their pseudo 
liquid density at 60° F. He points out that minor dif- 
ferences exist in the compressibilities between liquids 
of the same density but different composition, but are 
not regular enough to take into account. While these 
differences in liquid compressibilities are minor in the 
estimation of formation volume factors and liquid densi- 
ties under reservoir conditions, they appear to be of 
considerable importance in the present application. A 
preliminary investigation of oil compressibilities from 
various ficids as reported in the literature supports 
this conclusion. Fig. | shows the manner in which the 
oil compressibility varies with the liquid density at 
reservoir conditions. The approximate limits shown 
indicate that oil compressibilities are best obtained from 
laboratory analyses and that estimation techniques may 
give considerable error. 


Dodson and Standing’ made a study of the com- 
pressibility of water. Their charts for determining the 
compressibility under reservoir conditions are repro- 
duced in Figs. 2 and 3 from which it can be seen 
that the average compressibility is about 3 x 10° psi’ 
but that it varies with temperature and solution gas— 
the latter being itself a function of temperature, pres- 
sure, and water salinity. 

Hall’s study* of the compressibility of consolidated 
rocks, expressed conveniently in terms of change in 
pore volume per unit of pore volume per psi, indicates 
that the compressibility is fortunately a function only 


50 


of rock porosity and is independent of the type of 
rock. Thus the formation compressibility can be esti- 
mated from the formation porosity using Fig. 4, which 
is after Hall. 


EXAMPLI 


= 1.00 X 10° STB 
- 8 per cent porosity 
= 5 X 10° psi’ (from Fig. 4) formation com- 
pressibility 
30 per cent interstitial water 
» = 15 X 10° psi’, oil compressibility 
= 3 X 10° psi 
= 500 psi 
a. Reserve neglecting formation and water compressi- 
bilities. 


', water compressibility 


N 1.00 x 10 
Bs ‘ : 133 MMSTB 
1 c.Ap 15 x 10° x 500 
b. Reserve considering formation compressibility but 
neglecting interstitial water compressibility. 
(1 Sw) N, 
ce + c.(] S.)JAp 
(1 — .3) 1.00 x 10° 
[5 X 10° + 15 x 10°(1 
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c. Reserve considering oil, water and formation com- 
pressibilities. 
(1 — Sw) N, 
[Ce + €. —Se(Co — Cw) JAP 





N= 


N = 
1.00 x 10° (1 — .30) 
[5 x 10° + 15 X 10% — .30(15 & 10° — 3 
85.4 MMSTB 


10°) 1500 


REMARKS 


The example shows the importance of including the 
formation compressibility and the interstitial water in 
material balances on expansion type reservoirs produc- 
ing above bubble point. It is observed that the effect 
of formation compressibility and interstitial water in 
(a) connected edge or bottom water zones or (b) tight 
or unproductive zones within the gross reservoir, unless 
taken into account, is to produce a calculated reserve 
in excess of that which exists. While tight or unpro- 
ductive zones within the gross reservoir will produce 
very little in radial flow to the wellbores, they will 
nevertheless generally produce water (and/or oil if 
they contain oil) by expansion to the adjacent produc- 
tive zones at near equilibrium conditions unless the un- 
productive zones are of extremely low permeability. 
This is so because of the large cross section offered to 
flow perpendicular to the strata as compared with the 
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cross section in radial flow. Where sufficient data exis! 
to estimate the extent and porosity of these connected 
water bodies, the material balance can be modified to 
include their effect. The effect of a small but un 
accounted for water influx from an aquifer also results 
in a calculated reserve in excess of that present. 

The accurate determination of average reservoil 
pressure decline Ap also presents difficulties in (a) 
reservoirs of low permeability and (b) reservoirs which 
have not been fairly well developed. Extrapolation 
methods”*** have been developed for finding static res 
ervoir well pressures in low permeability reservoirs 
and also for calculating average reservoir pressure in 
bounded reservoirs.” However, where the pressure is 
not sampled in all portions of the reservoir, as from 
lack of extensive rather than intensive development, 
the calculated reserve, based on the average pressure 
decline in the developed portion of the field, is below 
that which exists. 

While the material balance equation as applied to 
expansion type reservoirs can be extended by the use 
of Equation 7, there are nevertheless a number of addi 
tional factors which must be considered in evaluating 
the reserve. 


NOMENCLATURE 


= oil formation volume factor at pressure p,, 
bbI/STB. 


oil formation volume factor at pressure p, 
bbI/STB. 

formation (rock) compressibility, pore vol- 
ume per unit pore volume per psi. 


= oil compressibility at average reservoir condi- 
tions, above bubble point, psi”. 


= water compressibility at average reservoir con- 
ditions, psi”. 





= porosity, fraction. 
= initial oil in place at pressure p,, STB. 


= cumulative produced to pressure p, STB. 


= average initial reservoir pressure, psia. 
average reservoir pressure after producing N, 
barrels, psia. 
Pi — PD, Psi. 
= interstitial water, fraction. 
initial formation pore volume, barrels. 
= formation pore volume at pressure p, barrels. 
= initial volume of interstitial water, barrels. 
volume of interstitial water at pressure p, 
barrels. 
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CASE HISTORY of RESERVOIR PERFORMANCE 
of a HIGHLY VOLATILE TYPE OIL RESERVOIR 


REX W. WOODS 
MEMBER AIME 


PETROLEUM CONSULTANT 


HOUSTON, TEXAS 


T. P. 4126 


ABSTRACT 


The case history of performance of a highly volatile 
type oil reservoir which is now greater than 80 per eent 
depleted is presented. The reservoir is at a depth of 
approximately 8,200 ft and includes an area greater 
than 7,500 acres. The reservoir has been exploited by 
10 wells whieh to date have yielded about 10,880,000 
bbl of stock tank oil by pressure depletion. Reservoir 
pressure has declined from an original ef 5,000 psi to 
approximately 1,450 psi. Produced gas/oil ratio has 
increased from 3,200 to 23,000 cu ft/bbl with a cor- 
responding increase in API gravity of the stock tank 
oil from 44° to 62°. Pressure and fluid data are given 
for different stages of depletion. 


INTRODUCTION 


In papers by Sloan,’ and Cook, Spencer and Bo- 
browski,’ properties of highly volatile type reservoir oil 
were discussed in detail and methods were presented 
for predicting performance of reservoirs containing this 
type of fluid. The purpose of this paper is to present 
performance history of a highly volatile type oil reser- 
voir designated as Reservoir A which has been produced 
by pressure depletion and field separation without 
processing of gas. 


GEOLOGY 


The reference field which includes Reservoir A is a 
structural feature north of a trend of major folding 
along a northeast-southwest axis. In the area of develop- 
ment, the structure has the appearance of a dome with 
formation dip of three to four degrees, but structural 
relations between the reference field and the axis of 


Manuscript received in Petroleum Branch office on Jan. 2, 1955. 


Paper presented at AIME Annual Meeting in Chicago, Feb. 13-17, 
1955. 

1References given at end of paper. 

Discussion of this and all following technical papers is invited. 
Discussion in writing (3 copies) may be sent to the offices of the 
Journal of Petroleum Technology. Any discussion offered after Dec. 
31, 1955, should be in the form of a new paper. 
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major folding to the south have not been determined 
No faulting within the field is evident. Oil and gas pro- 
ductive sands have been found at depths of 7,000 ft to 
10,000 ft in a columnar section of Mio-Oligocene age 
The sand bodies in the section are lenticular and 
usually continuity of sand is limited to a small area. 
Sand A which forms Reservoir A at a depth of 8,200 
ft, however, has exceptional continuous development in 
the reference field. 

Fig. 1 shows an isopachous map of net oil sand for 
Reservoir A. Net thickness of oil sand at producing 
wells ranges from 14 to 34 ft with an average of 22 ft. 
Pinch-out of sand has been shown by drilling in the 
southwest part of the field, but extent of the reservoir 
on the northwest and northeast parts of the field is 
indicated only by thinning of the sand. The vertical oi! 
column between the highest and lowest producing well 
in the reservoir is 339 ft. No water-oil contact has 
been found within the reservoir. As interpreted from 
the isopachous map, the reservoir includes about 8,900 
acres with an average net sand thickness of 12 ft 
Because of limited data on extent of the reservoir, the 
isopachous map permits only an approximation of sand 
volume in the reservoir. 


DEVELOPMENT AND PRODUCTION 

Reservoir A was discovered during 1938 and was 
developed with eight wells to the end of 1942. One 
well was completed during 1946 and the tenth well 
in the reservoir was completed during 1951. Three of 
the original wells and the last completion have pro- 
duced from Sand A only. Six wells have produced 
from Sand A through the casing side of dual comple- 
tions. Initial producing rates of the original wells ranged 
from 800 to 1,000 BOPD. Production history for the 
reservoir is shown in Fig. 2. Production of the reservoir 
was begun during 1940 and in May, 1952, peak pro- 
duction from seven wells was 5,300 BOPD. At the end 
of March, 1954, cumulative production was 10,880,000 
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bbl of oil, 95,000,000 Mcf of gas, and 250,000 bbl of 
water. Seven of the wells in the original development 
program have contributed 10,000,000 bbl of the cu- 
mulative production with individual well recovery rang- 
ing from | million to 2 million bbl of oil. 

The field was developed on an equilateral triangular 
grid pattern with a distance of about 3,940 ft between 
wells which provides drainage area of 308 acres per well 
for complete development. As developed, no producing 
well in Reservoir A is greater than one location dis- 
tant from another well in the reservoir and area en- 
closed by development is about 1,300 acres. Actual 
drainage area served by producing wells is indicated 
only by performance, but it apparently far exceeds that 
determined by the grid pattern. 


SAND CHARACTERISTICS 

Sand A is described as a fine to coarse-grained, poorly 
consolidated sandstone with occasional thin carbo- 
naceous laminae. Cores were recovered from the full 
section at one well and partial core recovery was ob- 
tained from several wells. Average porosity of cores 
recovered was 19.8 per cent. Permeability of the sand 
for the full section cored ranged from | to 2,400 md 
with an average of 750 md. Except for about 5 per cent 
of the sand having permeability below 200 md, per- 
meability varied uniformly with a permeability ratio 


TABLE 1 — FRACTIONAL ANALYSIS OF OIL AND GAS SAMPLES 
FROM INDIVIDUAL WELLS, RESERVOIR A 
December August August April 
Date 1942 1949 1949 1951 
Well A B Cc Cc 
Reservoir Pressure, psig 4054 2300 2300 1960 
Seporator Pressure, psig 400 478 438 500 
Separator Temperature, °F 104 85 110 
Volume Per Cent 


Component 


° 


|o 


Gas Oil Gas Oil 
2.50 — 2.20 — 

73.52 5.06 72.45 5.43 
11.51 5.91 11.50 4.43 
8.35 14.40 8.80 10.24 
t.a7 §.23 1.73 4.62 
1.64 10.85 1.99 7.71 
0.48 6.00 0.58 5.77 
0.26 5.11 0.34 4.96 


Hexones 0.30 12.30 0.25 8.98 0.26 10.10 
Heptanes Pius 0.08 37.94 0.12 38.46 0.15 46.74 


Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Specific Gravity 
Ci+ °API 


Carbon Dioxide 
Methane 
Ethane 

Propane 
Isobutane 
Normal 8utane 
Isopentane 
Normal Pentane 


wn e@ounN 
N ONYNY~~o 
20 kWOND— 


—- 
rm) 
nm 


426 49.7 47.1 49.3 
Ce + 

Average Molecular 

Weight C; + 17¢ 117 127 117 
Ce ? 


VOL. 204, 1955 


20000 


4 “2 es Oe se 
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of 12 to 1. While sand data are incomplete, initial ca- 
pacities and subsequent performance of wells indicate 
fairly uniform sand characteristics for the developed 
area. Average interstitial water for the reservoir is esti- 
mated to be 25 per cent of pore space. 


RESERVOIR FLUID CHARACTERISTICS 

Properties of the reservoir liquid were obtained from 
analyses of high pressure separator oil and gas samples 
and from tests on samples prepared by recombination 
of the separator oil and gas in proportions to simulate 
reservoir conditions. Table 1 shows the composition of 
high pressure separator oil and gas at different stages 
of depletion of the reservoir. Table 2 shows the cal- 
culated composition of the original reservoir fluid. A 
sample yielding a gas/oil ratio of 3,180 cu ft/bbl of 
stock tank oil by three stage separation was used for 
determination of pressure-volume relationships at 249°F 
by visual examination. The results of the tests are shown 
in Fig. 3. Visual examination showed 100 per cent 
liquid at 3,940 psig which was taken as the approx- 
imate saturation pressure for the sample. Formation 
volume of reservoir oil at 3,940 psig was determined 
to be 3.23 volume per volume of stock tank oil yielded 
by field separating conditions. No tests of differential 
gas liberation were made during the early tests. At a 
later date, synthetic samples prepared to simulate orig- 
inal reservoir fluid were tested. The results of differen- 
tial gas liberation tests on the synthetic sample at 250°F 


TABLE 2 — CALCULATED COMPOSITION OF INITIAL RESERVOIR FLUID - 
RESERVOIR A AND DEEPER RESERVOIR WITH SIMILAR FLUID 
nitial Reservo Stock 
Fluid Tank 
Liquid 
Deeper After 
Reservoir Reservoir 3-Stage 
A {1) (2) Separation 
Deeper 
Reservoir 
Component 


Carbon Dioxide 

Methane 

Ethane 

Propane 

Isobutane 

Normal Butane 

lsopentane 

Normal Pentane 

Hexanes Plus 

Total ! 

Specific Gravity of 
Co+, “API 
Average Molecular 
Weight of Ce+ 170 
(1) Calculated for initial stream - 
GOR 3200 cu. ft. per bb!. Separation 
pressures 400-30-0 psig 
(2) Separation Data 


42.0 


Stage Pressure 
psig 


1 400 
2 40 
3 0 


Specific Gravity Stock Tank Oj! 45 


Gas/Oil Ratio 
cu. ft. per bbl 
Steck Tank Oil 
2831 
307 
67 
3205 
AP 





are shown in Fig. 4. Compressibility of the saturated 
reservoir fluid from 4,500-5,000 psig was determined 
to be 5.3 x 10° volume per volume per psi at 250°F. 
Viscosity of Reservoir A liquid was not measured but 
tests on a similar fluid at a temperature of 272°F 
showed viscosity of liquid at 4,000 psig and 500 psig 
of approximately 0.07 and 0.32 cp, respectively. 


RESERVOIR PERFORMANCE 


During the initial stage of production of Reservoir 
A, stock tank oil having an API gravity of 43.0° to 
44.5° was produced with a gas/oil ratio of 3,000 to 
3,200 cu ft/bbl. Saturation pressure of reservoir fluid 
was not obtained directly from subsurface samples and 
could not be fixed precisely from recombined samples. 
Performance data presented in Fig. 2 and Fig. 5, how- 
ever, show that a trend of increasing gas/oil ratios and 
API gravity of stock tank oil began about Aug., 1942. 
Saturation pressure of the reservoir fluid as indicated 
by the change in performance was about 4,200 psi. Re- 
covery of stock tank oil while the fluid existed in the 
undersaturated region was approximately 2,500,000 
bbl. After the saturation pressure was reached, perform- 
ance was characterized by continuously increasing 
gas/oil ratios and increasing API gravity of stock tank 
oil. Original stock tank oil contained a high fraction of 
wax but when pressure had declined to 2,500 psi, wax 
content of stock tank oil, except for fluid from one well, 
had decreased to an inappreciable amount. Over the 
producing interval from a reservoir pressure of 4,200 
psi to 1,544 psi, API gravity of stock tank liquid in- 
creased from 44° to 62°, while produced gas/oil ratio 
increased from 3,200 cu ft/bbl to 23,000 cu ft/bbl. 
During the same interval molecular weight of hexanes 
plus fractions in the well effluent decreased from 170 
to 110. Three stage separation of gas and liquid at 
pressures of 440 psig, 40 psig and atmospheric pres- 
sure has been employed throughout the life of the reser- 
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voir. High pressure separation temperature originally 
was 85° to 100°F but with decreasing weilhead pres- 
sures has increased to 110° to 120°F. 

Pressure-production performance below saturation 
pressure shown in Fig. 5 in appearance is similar to 
that displayed by the usual dissolved gas drive. How- 
ever, comparison of characteristics of stock tank liquid 
recovered below the saturation pressure with those of 
the original stock tank liquid shows conclusively that 
only part of the liquid recovery can be accounted for as 
a result of liquid flow in the reservoir. It is calculated 
that gas saturation at reservoir pressure of 3,400 psi was 
51 per cent of hydrocarbon space or 38 per cent of 
pore space. Approximately 2,800,000 bbl of oil were 
produced from saturation pressure to reach 38 per cent 
gas saturation. Between reservoir pressures of 3,400 
psi and 1,544 psi, 5,300,000 bbl of stock tank oil were 
produced with an estimated increase in gas saturation 
from 38 per cent to 47 per cent of pore space. As 
pressure has declined, reservoir performance and well 
characteristics have become more similar to a gas 
reservoir than a liquid reservoir. Although variations in 
producing gas/oil ratios and API gravity of oil among 
wells have been noted, only one well, at the lowest 
structural position in the reservoir, has shown wide de- 
viation from average fluid characteristics. Gas/oil ratio 
and API gravity of stock tank liquid for this well have 
been considerably below average since the saturation 
pressure was reached. The majority of the wells in the 
reservoir are located in about 150 ft of the original 
vertical oil column and have shown no conclusive evi- 
dence of gravity drainage. There are insufficient wells 
at the lower limits of the reservoir to show conclusive 
effects of gravity drainage. No indication of an active 
water drive in the reservoir has appeared and there 
is no evidence of an adequate aquifer to provide water 
influx of appreciable amount. 
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Pressure measurements have been made at three of 
the original wells at yearly survey periods, and a fourth 
well has been included in the surveys since Dec., 1951. 
Pressures for the three original wells have shown a 
maximum difference of about 25 psi for a survey. A 
new well completed during Aug., 1946, showed a pres- 
sure of 2,847 psi; average reservoir pressure at the same 
date was estimated to be 2,890 psi by interpolation of 
data from three of the original wells. The last well com- 
pleted in the reservoir during 1951 showed a pressure 
of 1,798 psi in Dec., 1951, when average pressure of 
three original wells was 1,834 psi. Producing character- 
istics of the wells completed at depleted reservoir pres- 
sure were similar to those of the older wells and efficient 
drainage over a distance of at least 3,940 ft was 
indicated. 


INITIAL OIL IN PLACE 


MATERIAL BALANCE CALCULATION 

Calculations of original oil in place by the usual 
volumetric material balance method are strictly appli- 
cable to Reservoir A only during the interval when 
the reservoir fluid was in the undersaturated region. 
The apparent gas/oil ratio for different stages of res- 
ervoir depletion refers only to surface measurements. 
Fluid characteristics show that an important part of 
the liquid recovered in the stock tanks below satura- 
tion pressure existed in the gas phase at reservoir con- 
ditions and conversion of surface volumes to reservoir 
volumes is further complicated by the process of gas 
liberation. It has been shown’ that for a highly volatile 
liquid similar to that contained in Reservoir A, the gas 
liberation process is “neither essentially that of the dif- 
ferential or flash type.” Unfortunately, data on the com- 
position of the reservoir gas phase determined by lab- 
oratory tests for different stages of depletion are not 
available for the fluid from Reservoir A. 

During the period when undersaturated fluid was 
produced, calculations indicated that initial oil in place 
was approximately 50 million bbl; at a pressure of 1,544 
psi, material balance calculations utilizing data from 
the synthetic sample analysis indicated initial stock 
tank oil in place to be 48 million to 53 million bbl, 
depending upon the basis used for converting surface 
volume to reservoir volume. Accuracy of initial oil in 
place for Reservoir A calculated from performance 
data is limited mainly by the adequacy of the sample 
analysis data to fit actual reservoir conditions, and a 
figure of 50 million bbl of initial stock tank oil in place 
is probably less than 10 per cent in error. 
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VOLUMETRIC CALCULATION OF TANK OIL IN PLACE 

Core analyses data indicate initial reservoir fluid in 
place to be 1,160 bbl/acre-ft which is equivalent to 
372 bbl/acre-f: of stock tank oil produced at original 
conditions. Total oil in place for the reservoir calculated 
from volumetric data will vary considerably according 
to interpretation of extent of the reservoir where devel- 
opment is lacking. Volumetric data show original stock 
tank oil in place for the reservoir to be about 40 mil- 
lion bbl which appears too low to fit actual perform- 
ance. 


RECOVERY 


Based on performance data, stock tank liquid recov- 
ery by field separation to a reservoir pressure of 1,544 
psi amounts to approximately 21 per cent of initial 
stock tank oil in place or 5.2 per cent of pore volume. 
Expansion of liquid has accounted for recovery of 
approximately 5 per cent of initial oil in place. In 
lack of adequate data for an accurate determination, 
proportion of liquid recovery from the gas phase and 
from liquid flow in the reservoir can be approximated 
only. Calculations indicate recovery by dissolved gas 
drive of 9 per cent of oil in place at saturation pressure 
or 4,300,000 bbl to 1,544 psi which by difference would 
indicate a recovery over the same interval of about 
3,800,000 bbl of liquid from the reservoir gas phase. 
Average API gravity of total liquid recovered is esti- 
mated to be 52.7°; below saturation pressure average 
gravity of liquid recovery is estimated to be 55.2° API. 
As reservoir pressure has declined, the proportion of 
light volatile hydrocarbons recovered has increased and, 
correspondingly, the liquid phase remaining in the res- 
ervoir has become richer in heavy hydrocarbons. 


CONCLUSIONS 


Although sand characteristics and fluid characteristics 
for Reservoir A have permitted wide drainage area and 
excellent recoveries per well, the most interesting fea- 
ture of performance has been the effect of fluid char- 
acteristics on recovery. For engineering studies on opti- 
mum producing methods, it is essential that the sub- 
surface sample analyses include composition of the 
original fluid and gas liberated throughout the produc- 


ing pressure range by methods such as those proposed 
by Cook, Spencer, and Bobrowski.* Although not within 
the scope of this paper, interesting possibilities for 
increasing recovery from Reservoir A are suggested by 


past performance. Particularly, performance of Res- 
ervoir A points to the desirability of pressure main- 
tenance above the saturation pressure. However, for 
a new reservoir similar to Reservoir A, plans for opti- 
mum development and selection of a producing method 
must be made largely on the basis of predicted per- 
formance without the benefit of hindsight which can 
be applied to the interpretation of performance of 
Reservoir A. 
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ABSTRACT! 


To gain an insight into the deviations from normal 
behavior caused by dip, a mathematical study has been 
made of single-fluid five-spot floods in dipping reservoirs 
for flooding techniques likely to be employed in such 
cases. Streamline patterns and sweep efficiencies are 
computed for a number of different cases, and the re- 
sults, where possible, are presented in graphical form. 
An increase in sweep efficiency can be obtained by 
moving the central injection well updip, and the opti- 
mum position is found for several cases. The applica- 
bility of the results is discussed. 


INTRODUCTION 


Because of the growing importance of water flooding 
in California and in other locations where large angles 
of dip are quite common, it is important to know at 
least some of the effects of dip on the performance 
characteristics of water floods in such instances. In 
the past, only reservoirs having relatively mild dips 
have been waterflooded. Consequently, little is known 
today as to the effect of dip on the performance char- 
acteristics of a flooding operation from the point of 
view of field experience; and because of the complexity 
of the problem, little, if anything, has been done on the 
problem from the point of view of theory. 

There are two distinct aspects of the role played by 
gravity in a flooding operation. The first is that of the 
preferential segregation of the reservoir fluids at the 
time when the flood is to commence. The second is the 
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role that it may play in affecting the performance of 
the reservoir during the course of the flooding opera 
tion. In this paper the reservoir is assumed to be filled 
with only one fluid, so that there is no preferential 
segregation of reservoir fluids at the commencement 
of the flood. Moreover, the injected and in-place fluids 
are assumed to have the same characteristics, so that 
in effect we consider only a single-fluid problem. 

Single-fluid results have been used as a guide in the 
past for predicting and interpreting the behavior of 
regular five-spot floods in horizontal reservoirs. It is 
thought that single-fiuid results might likewise be used 
for five-spot patterns in dipping reservoirs as a norm 
to which the effects of the multifluid problems might 
be referred.* 

In confining our attention to the single-fluid case, 
we therefore do not consider the preferential segrega- 
tion of injected water in the oil bank, or of the oil 
bank in the unflooded zone. Instead we consider the 
deviation from the behavior of a horizontal five-spot 
which is caused by use of flooding techniques (i.e., the 
flow potential pattern at injection and production wells) 
likely to be employed during flooding operations in 
dipping reservoirs. In other words, we consider effects 
which are caused by the pattern of injection and pro- 
duction well pressures which we choose to apply. 

Performance characteristics are given for the five 
spot spacing pattern as a function of two parameters; 
one is the ratio of gravity head to potential difference 
between the high updip injection well and the low 
downdip producer of the same five-spot, denoted by 
R,; the second is the orientation of the five-spot pat- 





*Multifluid results will be affected by the fluid mobilities, density 
differences, compressibilities, etc. The applicability of this work | 
multifluid cases is discussed in some detail in this paper. 
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Fic. 1 — PLAN OF ILLUSTRATIVE FivE-SPOT PATTERN. 


tern with respect to the direction of dip. Two types of 
flooding techniques are considered as defined below. 


FLOODING TECHNIQUES 


By flooding technique we mean the particular dis- 
tribution of sand face pressures at the injection and 
production wells, which we control to obtain a desired 
flooding program. Assuming (momentarily) that the 
direction of dip is parallel to rows of similar wells, as 
shown in Fig. 1, three possible flooding techniques are 
considered (Figs. 2A, 2B, and 2C). 

Fig. 2A illustrates Technique A, the case where the 
production wells are pumped so that there is no oil 
standing in them and where the height of water column 
in each injection well is the same. More generally, 
Flooding Technique A is the case where all the in- 
jection wells are kept at a uniform sand face pressure 
and all the production wells are kept at a uniform 
but lower sand face pressure. 

Fig. 28 illustrates the case where the injection wells 
are kept filled to the same level with water and where 
the production wells have no oil standing in them. This 
case will be known as Flooding Technique B. More 
generally this can be described as the case where all 
the injection wells are kept at a uniform sand face 
potential and all the production wells are kept at a 
uniform sand face pressure. 

Fig. 2C represents the case where the potential dif- 
ference between any injection and production well is 
the same, and therefore the behavior is the same as for 
the familiar horizontal five-spot case. 

There are, of course, innumerable other flooding 
programs, but the results presented in this report are 
obtained for those flooding programs which we have 
defined above as Flooding Technique A and Flooding 
Technique B. The assumptions involved in determining 
these results are given in the next section. 


ASSUMPTIONS AND BASIC EQUATIONS 


In this paper we make the following assumptions: 
All fluids are incompressible. 
All fluids have the same density. 
All fluids have the same mobility.* 
The reservoir is plane, thin, and infinite. 
5. The absolute permeability is constant. 
Consequently, LaPlace’s equation 7*V O, where 
V is the incompressible fluid flow potential, is obeyed 
throughout the reservoir. The potential and stream func- 
tion distribution presented in this paper are solutions 


*By mobility we mean the ratio k/u where k is the permeability 
to, and gu is the viscosity of, the fluid. 
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Fic. 2— VERTICAL CROSS SECTION OF ILLUSTRATIVE 
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of this differential equation for the appropriate flooding 
technique. 

For a given position of the wells in the five-spot 
pattern, the results are a function of three parameters: 

(1) r,/L, where r,, is the well radius and L is the 
length of the shortest side of a five-spot. A value of 
r./L of 2.5 x 10° has been used throughout the 
report. 

(2) R, pgh/( AP pgh), the ratio of gravity 
head to potential difference between high updip injec- 
tion well and low downdip production well of the same 
five-spot, where p is the density of the fluid, g is the 
acceleration constant due to gravity, A is the elevation 
of the high updip injection well over the low downdip 
production well of the same five-spot, and AP is the 
sand face pressure difference between the high updip 
injection well and the low downdip production well 
of the same five-spot. 

(3) The orientation of the five-spot pattern with 
respect to direction of dip. Where two sides of the 
five-spot are oriented parallel to direction of dip, the 
orientation is called “parallel” and where the diagonal 
of the five-spot is oriented parallel to the direction of 
dip, the orientation is called “diagonal.” Other orienta- 
tions are called “skew.” The direction of dip is clearly 
denoted on each streamline pattern 

In the mathematical appendixes** to this report, the 
general case of a rhombus-shaped five-spot with arbi- 


trarily placed interior well is treated. However, in the 
body of the report only square-shaped five-spots are 
considered. When the interior well is at the center of 
the square five-spot, the pattern is termed symmetrical, 
and when it is not the pattern is termed asymmetrical. 


METHODS AND RESULTS 


FLOODING TECHNIQUE A, SYMMETRICAL PATTERN 
The pattern first studied was that of a symmetrical 


Available from Petroleum Branch office on request. 
To be published in Petroleum Transactions, Volume 204. 
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five-spot flooded by use of Flooding Technique A. For 
this case the potential and stream function distribution 
can be most simply represented by choosing the co- 
ordinate system illustrated in Fig. 3. In this co- 
ordinate system the potential and stream function dis- 
tribution for a horizontal reservoir as shown in Ap- 
pendix III are given for unit rate of flow by: 
V, (x,y) = 

1 cn’ x cn’ y + sn’ x sn’ y dn’ x dn’ y 

5 In - - 


[cn’ y + (1/2) sn’ x sn’ y] 
sn x dn a y dn ‘ 


cn x cn y 


v, (x, y) = —tan | 


where sn, cn, and dn are Jacobian elliptic functions. 

For a dipping reservoir the potential and stream 
function distributions are obtained by simply adding 
linear terms to the previous quantities as shown in 
Appendix I. For example, when the dip is in a direc- 
tion parallel to the x-axis the equations are 
p 2p. R, 
2q q 
2p.R, y 

"J 
where p, is the sand face pressure at each injection 
well, g, is the rate of flow in reduced units, R, is the 
ratio of gravity head to pressure difference between 
high updip injection well and low downdip production 
well of the same five-spot, and L is the length of the 
side of the five-spot. 

A value for p,/q, can be obtained once the value of 
r,,/L is fixed. Thus it may be seen that for the parallel 
orientation and symmetrical pattern the results are 
functions only of R, or of R, since R R,/(1 
R,). For other orientations the linear terms are changed 
in magnitude but, as above, results may be obtained as 
a function of R,. Using equations of this type, stream- 
lines were computed for a number of orientations with 
respect to dip and for a number of values of R,. Re- 
sults are given in Figs. 4 through 8. 

Note that the area in which the streamlines flow 
updip from an injection well has become smaller than 
for the horizontal case. In Fig. 5 it is only a small 
fraction of the downdip flow area. At a value of R, 
0.0967 no fluid moves to the updip production well 
from the downdip injection well. This value of R, may 
be called the “critical” value for R, for this orientation. 


V (x,y) = V, (x, y) + 


W (x,y) = ¥, (x, y) 4+ 


**Note that the five-spot is symmetrical in the reservoir plane and 
not in the surface plane. 
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In Fig. 6, for the skew orientation shown, all flow- 
lines are skewed by the particclar orientation with 
respect to dip. The difference between the area in which 
updip flow occurs and that in which downdip flow 
occurs is apparent. In Fig. 7, where the diagonal of 
the five-spot is oriented parallel to the direction of dip, 
the flowlines are seen to be symmetrical about hori- 
zontal lines midway between wells. As R, increases, 
the area in which updip flow occurs decreases as shown 
in Figs. 7 and 8. At a value of R, 0.1517 (the 
critical value for this orientation) no fluid is sent to 
the updip production well by its downdip injection well. 
In fact, the five-spot ceases to be a five-spot at this 
value in the sense that there are no longer four pro- 
duction wells associated with each injection well. 

Sweep efficiencies* at the time of water breakthrough 
for parallel and diagonal orientation were obtained 
analytically from 

a dy 

— | @V(¥., y) 
7° ey 
where / is the distance between injection and produc- 
tion wells, measured in the y direction, ¥, is the break- 
through streamline, V is the fluid potential and A is 
the area of the five-spot. The orientation of x and y 
axes are arbitrary in this expression. It is interesting to 
note that the breakthrough streamlines pass through 
the midpoint of a line between injector and producer 
and are antisymmetric about such a point. Use was 


The sweep efficiency is the fraction of the floodable reservoir vol- 
ume swept by the injected water at any time. 








CONSIDERED 











Fic. 4— STREAMLINES FOR SYMMETRICAL FIveE-Spor, 
TECHNIQUE A, PARALLEL ORIENTATION, R, = 0.0268. 
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made of this fact in finding ¥,. Curves of sweep effi- 
ciency at the time of water breakthrough vs R, are 
plotted in Fig. 9. The sweep efficiency at water break- 
through for the skew orientation case was determined 
graphically. No values were determined for curve A 
past the “critical” value of R,, because of increased 
difficulties in numerical integration. However, it is be- 
lieved that curve A will not parallel curve B all the 
way to R, = 1, but will flatten. 

Curves of area swept vs cumulative water injection 
for the parallel case are shown in Fig. 10. Curves for 
the skew and diagonal orientation are very similar. 

Since it appears from Fig. 9 that sweep efficiency 
at water breakthrough is reduced considerably as the 
value of R, increases, it was thought desirable to deter- 
mine how much the efficiency could be improved by 
altering the position of the central well in the five-spot 
so as to allow for the gravity forces. This alteration 
is considered in the next section. 


FLOODING TECHNIQUE A, ASYMMETRICAL PATTERN 
Only one orientation was considered in numerical 
evaluations for this type pattern, that where the diag- 
onal of the five-spot is oriented parallel to the direction 
of dip, as shown in Fig. 11. For this orientation the 
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position of the interior injection well was found such 
that the fluid arrival time was the same at updip and 
downdip production wells. The method of finding this 
position is described in Appendix II, and results are 
plotted in Fig. 11. 

A curve of sweep efficiency at the time of water 
breakthrough at the updip and downdip production 
wells vs R, for the equal arrival time cases is given in 
Fig. 12.* 

Comparison of this curve with Fig. 9 shows that 
the sweep efficiency at water breakthrough in dipping 
reservoirs may be much improved by slight alterations 
in well position. 

Streamlines are given in Fig. 13 for the case where 
R, = 0.086 and the position of the updip injection well 
from the origin is 0.560 times the length of the diag- 
onal. This is one of the cases where the arrival of the 
water front at the updip and downdip production wells 
occurs at the same time. 

The effect on the streamlines of moving the injection 
well updip may be seen by comparing Fig. 13 with 
Fig. 8, which is a similar case for only a slightly dif- 
ferent value of R,. It is seen that the updip and down- 
dip flow areas are made more nearly equal by moving 
the injection well updip 


FLOODING TECHNIQUE B 
The mathematical difficulties associated with deter- 
mining the potential and stream function distribution 


_*This assumes that the time of arrival of the water front at the 
side production wells is larger than the time of arrival at the updip 
and downdip production wells. It has been found that such is at 


least the case for values of b/ » 2L up to 0.56( 
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for this case are considerably greater than for Tech- 
nique A. Consequently, only the symmetrical five-spot 
pattern for which the sides of the five-spot are oriented 
parallel to the direction of dip has been considered. 
The arrangement of the wells in the plane of the res- 
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Fic. 9 — SWEEP EFFICIENCY AT WATER BREAKTHROUGH 
FOR SYMMETRICAL Fivr-SpoT, TECHNIQUE A. 


ervoir was given in Fig. 1, and a vertical cross section 
parallel to the direction of dip was shown schematically 
in Fig. 2B. 

It may be seen from these figures that the flow pat- 
tern is the same in each strip between columns of 
similar wells. Consequently we may focus our atten- 
tion on such a strip. Now each five-spot in this strip 
is characterized by its value of R,, the value of R, 
being different for each. The value of R, approaches 
unity toward the surface and zero far downdip. Thus, 
far downdip one would expect the flow pattern to be 
essentially that of a horizontal five-spot, whereas near 
the surface the pattern would be expected to be quite 
different. 

The expressions for the potential and stream func- 
tion in the various rectangles are not given here be- 
cause of their length but are given in Appendix IV. 
From these expressions streamlines and sweep effi- 
ciencies* were determined for several different values 
of R,. 

Streamline patterns for two different values of R 
are shown in Figs. 14 and 15. In general there is con- 
siderable similarity between the patterns for Technique 
B and the patterns for Technique A shown in Figs. 4 
and 5. However, limiting streamlines (top and bottom 
streamlines in the figures) are not antisymmetrical for 
Technique B, whereas they are for Technique A. For 
Technique B the top limiting streamline sags downdip 
more than the bottom one. The sag is the same for 
Technique A. 





A- Rg = 0.00633 
B- Rg =0.0268 
C -Rg 0.087! 
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A curve of sweep efficiency at water breakthrough 
vs R, is given in Fig. 16. Curves of area swept vs 
cumulative water injection for three cases are shown 
in Fig. 17. Curves A and B differ only slightly from 
the curve for the horizontal symmetrical five-spot. 


DISCUSSION 


The curves in Fig. 9, for the symmetrical case, 
Technique A, show that the sweep efficiency drops 
off considerably as R, increases. In addition they show 
that up to the critical value for the parallel orientation 
(i.e., the point where no fluid is sent to the updip 
producer by the downdip injection) the alignment of 
the five-spot with respect to direction of dip makes 
little difference. Since the sweep efficiency could not 
be improved by alignment it was decided to modify 
the location of the central well to achieve more nearly 
equal breakthrough times from updip and downdip 
wells and thereby to improve the sweep efficiency. 

Such a modification was investigated and is reported 
in Figs. 11 and 12. These figures show that for the 
same flooding technique, the sweep efficiency can be 
raised considerably by such an adjustment. 

The sweep efficiencies given in Fig. 12 could prob- 
ably have been made even higher if the position of 

*For Technique B, sweep efficiency is the fraction of the floodabl 


volume in each five-spot swept by injected water at any time. The« 
sweep efficiency in each five-spot in the field is different. 
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the side wells had been adjusted at the same time 
that the central well was moved. It remains to be 
seen whether the positioning suggested in Fig. 11 is 
correct for multifluid cases as well as for single-fluid 
cases. 

Comparison of the curve shown in Fig. 16 for Flood- 
ing Technique B with those in Fig. 9 suggests that this 
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technique will give higher sweep efficiencies at water 
breakthrough than Symmetrical Technique A for the 
same values of R,. The reason for this is that the poten- 
tial difference between an injection well and its updip 
producer in Technique B is higher than the potential 
difference between injection well and updip producer in 
Technique A, resulting in a better sweep updip. How- 
ever, the sweep efficiencies for asymmetrical Technique 
A are larger than those for Technique B over the range 
shown. Thus over the practical range of values of R,, 
asymmetrical Technique A is to be preferred. It should 
be noted that Technique B is not a balanced flooding 
program. Flooding will be completed sooner in each 
downdip five-spot than in the one directly updip, and 
the flow pattern in each five-spot will be different. How- 
ever, this technique makes maximum use of available 
gravity forces in causing flow from injection to pro- 
duction wells. 

The numerous streamline patterns which are pre- 
sented may be useful for the purpose of drawing fluid 
fronts at any time. Fronts are found by making the 
areas of advance, between any two streamlines during 
any time interval, proportional to the difference be- 
tween the values of the streamlines. The application 
of such fronts in practical multifluid cases, however, 
will only be qualitative in nature. The curves of sweep 
efficiency vs cumulative injection may possibly serve 
as a guide in the same way that single-fluid results 
did for the case of horizontal five-spots. 
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APPLICABILITY TO MULTIFLUID CASES 


Since these results have been obtained only for a 
single-fluid case, the question may be raised how fa 
they may be applied to flooding cases in which a water 
bank, an oil bank, and a depleted zone are present. In 
an attempt to answer this question let us consider the 
flooding of a dipping depleted reservoir in which the 
producing wells are pumped off. The various banks are 
shown in cross section and the flow potentials in each 
phase in Fig. 18. Three periods are distinguishable: 
(1) that when a water bank, an oil bank, and a de- 
pleted zone are present, (2) that when the water and 
oil banks fill the reservoir, and (3) that when all the 
oil has been displaced. Let us then ask the question, 
“What causes the flow updip to be different from that 
downdip?” In period 1, we see from the discontinuities 
in the flow potential diagram that there are three poten- 
tial discontinuities which cause differential flow down- 
dip: 

(1) [(pwe — po) Bhs — (px 
(2) [(p. — pe) gh, — (p, 
(3) Poghs . 

Item (1) is caused by the fact that water is heavier 
than oil and thus will preferentially flow downdip in 
the oil bank. Item (2) is caused by the same factors 
for oil and gas. Item (3) is caused by the fact that 
we pump off both production wells to the same pres- 
sure. 

In period 2, item (2) is absent and items (1) and 
(3) become: 

(1) [(p. — po.) g(h, — h)) 
(3) pogh, . 


Po) gh, 9 
p,) gh.) , and 
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In period 3, only item (3), of magnitude p,gh, is 
present. 

In the single-fluid results reported herein, only the 
effects of item (3) in each period have been considered. 
However, until further work is done to evaluate the 
effects of items (1) and (2) it is believed that an 
approximation of the effects of all three items may be 
obtained in the following manner: 

If we simply add all the items (differentials in poten- 
tial) which tend to cause the flow to be downdip rather 
than uniform, we obtain the curve shown in Fig. 19. 
It is seen that p.gh, gives at least a rough average of 
the lumped differential during the life of the flood. On 
this basis we can compute the sweep efficiency at water 
breakthrough of the dipping single-fluid five-spot from 
the appropriate curve in this report, using p, in deter- 
mining the value of R,. 

It is realized that this procedure leaves much to be 
desired, but that at least it should indicate the trend 
caused by gravity forces. No other procedure for esti- 
mating this effect is known. Further work in which 
items (1), (2), and (3) are not lumped, and in which 
the prominent effect of gravity in causing fluid segrega- 
tion is included, will determine how applicable this 
procedure is. 

CONCLUSIONS 

From this study it is concluded that in a dipping 
reservoir the pattern efficiency may be considerably im- 
proved by location of wells so as to allow for effects of 
gravity on the flow. It is believed that the considerable 
number of streamline patterns and sweep efficiency 
curves presented in this report may serve as a qualita- 
tive guide for flooding operations in dipping reservoirs. 
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SYMBOLS AND DEFINITIONS 
area of five-spot 
Jacobian elliptic functions 


porosity, fraction 
acceleration constant due to gravity 
difference in depth of two adjacent producers, 
Technique B 
elevation of the ith injection well, Technique A 
elevation of the jth production well, Tech- 
nique A 
elevation above datum of a production well 
P., =, Technique B 
injection well with x, y-coordinates [nL, (m 
14 )L], Technique B 
permeability 
length of side of a five-spot 
sand thickness 
production well with x, y-coordinates [(n 
Y%)L, mL), Technique B 
sand face pressure at injection wells 
production rate 
rate of flow in reduced units, gu/27kl 
ratio of gravity head to potential difference 
between the high updip injection well and 
the low downdip producer 
ratio of gravity head to pressure difference 
between the high updip injection well and 
the low downdip production well of the 
same five-spot 
shortest time of arrival of the water front at 
any of the production wells of a five-spot 
potential function for five-spot in dipping res- 
ervoir 
V,(x, y) potential function for horizontal five-spot 
angle of dip 
angle between the direction of dip and the 
y-axis in Fig. 20 
theta function of the ith kind 
fluid viscosity 
fluid density 
stream function for horizontal five-spot 
stream function for the five-spot pattern in a 
dipping reservoir 
complex potential for the five-spot pattern in 
a dipping reservoir 
complex potential for the horizontal five-spot 


V(x, y) 


The Appendixes of this paper, pages 168 through 174, are to be pub 
lished in Petroleum Transactions Volume 204 covering 1955, by permission 
of the authors. Free reprints are available on request from the Petroleum 
Branch Office, 800 Fidelity Union Bidg., Dalles 
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ABSTRACT 


The creation of unsymmetrical vertical or horizontal 
fractures in a producing well will result in a unique 
distortion of the normal shut-in pressures existing at 
the four surrounding wells. An electrical model study 
has been made to show how the shut-in pressures at 
the wells surrounding the fractured producing well may 
be used to estimate the size and orientation of vertical 
or horizontal fractures. The pressure differences at the 
four surrounding wells are recorded during production 
from the fractured well. The resulting pressure data 
are matched from a table of several hundred possible 
fracture combinations. The table refers to the figure 
showing the effective size and orientation of the com- 
mercially created fracture. 


INTRODUCTION 


The creation of commercial fractures about oil and 
gas wells has led to considerable speculation as to the 
size and shape of the fractures. It is important that the 
size and shape be known in certain instances, especially 
when pressure maintenance programs are to be initiated. 
It was shown that if knowledge of a vertical fracture 
could be found that such information may be utilized in 
planning a waterflooding or gas cycling program and 
that in some cases the fractures might be utilized very 
effectively.’ Other work showed that it may be desirable 
to create “pancake” fractures in certain reservoirs but 
that they should exist in a desirable range.’ If the frac- 
tures are too large, they should be plugged prior to 
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initiating a pressure maintenance program. If an irregu 
lar shaped “pancake” fracture is created, it is desirable 
to know the orientation of this fracture because similar 
but unreported studies have shown that “pancake” frac- 
tures may or may not substantially affect the sweep 
efficiencies and performance of the flooding or cycling 
program. Consequently, it may be desirable in some in 
stances to estimate the effective size and orientation of 
the fracture. 


ANALOG 


An electrical model was used in making this study 
The electrical model consisted of a circular reservoir 
approximately 8 in. in diameter, 1 in. thick and 
was filled with a dilute salt solution. A copper band 
formed the periphery of the reservoir. A vertical frac 
ture was simulated by a copper strip soldered to the wire 
well located in the center of the reservoir. Vertical cop 
per strips of various lengths and orientation were sol 
dered to the wire well to represent vertical fractures in 
the reservoir. In studies reported here on vertical frac 
tures it was arbitrarily assumed that two fractures origi- 
nated at the well and extended out into the reservoir. 
An electrical potential was imposed between the wire 
well and the periphery of the tank. Plots of the iso 
potentials are shown in Figs. 1 through 9. This mode! 
provides the steady-state isopotentials existing in a uni 
form, homogeneous circular reservoir having a vertically 
fractured well at its center. The permeability of the frac- 
ture is much greater than the permeability of the matrix 
proper. The effects of gravity are neglected. 


In preparing Tables 1 and 2, four symmetrically lo 
cated unfractured wells were assumed to exist around 
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the fractured well in the center of the reservoir. The posi- 
tions of the four wells were located at distances of 0.542. 
0.667 and 0.792 of the tank radius r, for separate stu- 
dies. The four outer wells were numbered 1, 2, 3 and 4 
rotating in a clockwise manner. The periphery of the tank 
was marked off in degrees. The No. 2 well was arbi- 
trarily placed in the zero degree position such as that 
shown in the pattern on Fig. 1. With these well patterns 
located over the isopotential plots, the vaiues of the 
potentials at each of the wells were recorded. The well 
patterns were then rotated 22.5, 45 and 67.5 degrees 
and similar recordings made. In tabulating the data the 
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differences between the well pressures (shut-in well to 
producing outer well) for a given spacing were listed and 
compared to determine the well having the greatest pres 
sure difference. This well was termed the key well. In 
the field the key well will be the well having the highest 
pressure. The pressure differential for the key well was 
listed first and the pressure differentials for the three 
remaining wells were listed using clockwise rotation 
when viewed from the top. This largest pressure differ- 
ential was divided into the pressure differentials re- 
corded for the remaining three wells. These tabular data 
were arranged in sequential order showing the relative 
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draw-down at the three remaining wells — b, c and d. 
Such data are shown in Tables | and 2 


Prior work has shown that the creation of horizontal 
or “pancake” fractures in a thin reservoir will not affect 
the resulting isopotentials to any substantial degree. 
This work was found for the case in which the pay 
thickness divided by the drainage radius was less than 
0.022. For thin reservoirs the isopotential patterns pre- 
sented in Figs. 1 through 9 may also be used to estimate 
the effective size and orientation of horizontal fractures 
The horizontal or “pancake” fracture was arbitrarily as- 


sumed to coincide to the No. 2 isopotential shown in 
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Figs. | through 9, respectively. In tabulating these data 
the isopotential data obtained for the vertical fracture 
were used with the exception that the number 2 wa 
subtracted from the potential difference, after which, th 
data were treated as described above. Additional table 


may be prepared using other isopotentials. 


APPLICATION 


Figs. | through 9 show the steady-state isopotential 
around vertically fractured wells. The vertical fractures 
are indicated by the heavy lines originating at the cente! 
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of each pattern. For each pattern number, well rotations 
of 0, 22%, 45 and 67% degrees are shown. In Fig. 1 
the ratio of the short fracture length r, to the long 
fracture length r, is equal to 1.0. The combined lengths 
of the fractures (r, + r.) divided by (2r.) equals 0.15. 
Different patterns are shown on Figs. 2 through 9. 

In applying the data, it is suggested that the four wells 
surrounding the commercially fractured: well be shut-in. 
The fractured well should be permitted to produce until 
substantially steady-state conditions exist at which time 
the shut-in bottom-hole pressures of the four surround- 
ing wells should be tabulated. Such a tabulation might 
be as follows. 


Fractured producing well bottom-hole pressure 1,500 psia 


Key well pressure = 2,000 psia 
Well b = 1,985 psia 
Well ¢ = 1,940 psia 
Well d = 1,950 psia 


Estimated maximum reservoir pressure 2,125 psia 


The pressure differences are 500, 485, 440 and 450 
psi, respectively. The dimensionless pressures are ob- 
tained by dividing through by the maximum pressure 
shown (500 psia). This provides the following sequence 
of numbers: 1.000, .970, .880, .900. 

This sequence of numbers is characteristic of a unique 
vertically fractured system. To determine the size and 
orientation of the vertical fractures the last three num- 
bers (nine digits) above should be noted and located in 
Table 1 under “relative draw-down.” This will be found 
directly in the table and shows the following conditions: 
The vertical fracture is that which is shown in Pattern 
No. 22. The No. 2 well should be rotated to the 45 
degree mark. The well spacing divided by the drainage 
radius is equal to 0.667. The key well is well No. | 
which means this well has the highest pressure. The ab- 
solute reservoir pressure at the key well is 0.850 of the 
pressure at r.. It will be noted on Fig. 6 that the frac- 
ture r, is equal to 0.33r,, and the sum of the fractures 
divided by two times the drainage radius is equal to 0.3. 
The total fracture length is found equal to 0.6 of the 
drainage radius. From the table d, the well spacing, 
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divided by r, is equal to 0.667. Conseyuently, if the well 
spacing is 660 ft, the vertical fractures extend 75 and 
225 ft in the directions shown 

No attempt was made to smooth the isopotential data 
and certain inconsistencies of a few per cent will be 
found. If the fractured pattern should refer to Pattern 
No. 1, the value of r, should be increased approximately 
8 per cent. This is a result of the imposition of a lower 
effective electrical potential difference than was used in 
the succeeding patterns. Other data referring to this pat- 
tern will remain the same. The careful engineer will take 
cognizance of this. 

In estimating “pancake” fractures a similar procedure 
is used as heretofore with the following notation: the 
“pancake” fracture is assumed to correspond to the No. 
2 isopotential shown. For example: if thé fracture were 
indicated by an influxmeter to be horizontal and if the 
relative draw-downs were 1.00, 0.959, 0.918 and 0.959, 
it would be found by referring to Table 2 that this 
would correspond to the fracture shown in Pattern 14 
with the No. 2 well located in the 672 degree position. 
[he horizontal fracture would correspond to the outline 
of the No. 2 isopotential. Where exact entries cannot be 
found in the table, interpolation may be employed with 
caution. It is also desired to point out that some infor- 
mation on the size and shape of the fracture may be 
gained when less than four wells surround the fractured 
well. 


SUMMARY 


Electrical model studies have been made to estimate 
the size and orientation of vertical and horizontal frac- 
tures. It is shown that for steady-state conditions the 
tabulation of the bottom-hole pressures at the four wells 
surrounding the fractured well may be utilized to esti- 
mate the effective size and shape of the fractures. 

In the interpretation of the data it is desired to em- 
phasize that the matching of field data to those presented 
here does not necessarily imply that the actual fractured 
system is identical to the very simple patterns shown, 
but rather that the actual fractured system, including 
heterogeneities, etc., shows a fluid flow response which 
is equivalent to a fractured system of the type shown. 
It is desired to emphasize that the actual fractures be 
described in terms of equivalents until more detailed 
measuring procedures exist 
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Table I (Continued) — Table for Estimating Vertical Fracture Orientation from Draw-Down Data 
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Table I1— Table for Estimating Horizontal Fracture Orientation from Draw-Down Data 
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Table I (Continued) — Table for Estimating Hori zontal Fracture Orientation from Draw-Down Data 
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